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To L i t s a ,  A p h ro d ite  and S ta l in a
U B
ITHAKA
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a sk  t h a t  your jo u rn e y  be lo n g ,
f u l l  o f  a d v e n tu re s ,  f u l l  o f  th in g s  to  le a rn ,
B e t te r  t h a t  i t  may l a s t  f o r  many y e a r s ,
t h a t  you c a s t  ancho r a t  th e  i s l a n d  when you a re  o ld ,
r i c h  w ith  a l l  you have g a in e d  on th e  way,
n o t e x p e c tin g  t h a t  I th a k a  w i l l  g iv e  you w e a lth ,
I th a k a  gave you t h a t  s p le n d id  jo u rn e y .
W ithout h e r  you would n o t  have s e t  o u t .
She has n o th in g  more t o  o f f e r .
C. K avafis
ABSTRACT
In  i n i t i a l  s tu d ie s  th e  symptoms o f  th e  d is e a s e  b a c t e r i a l  canker o f 
tom ato cau sed  by C orynebac terium  m ich iganense  were fo llo w e d , and 
m ethods o f  in o c u la t io n  were a s s e s s e d .  The m o rp h o lo g ica l and 
p h y s io lo g ic a l  c h a r a c te r s  o f  £ .  m ich ig an en se  i s o l a t i o n s  were s tu d ie d  
and a  m o d ified  s e l e c t i v e  medium was d ev e lo p ed .
T ran sm issio n  o f  th e  d is e a s e  by a r t i f i c i a l l y - i n f e c t e d  seed s  v a r ie d  
depending  on th e  c o n d i t io n s  o f  th e  e x p e rim en t. The number o f 
d is e a se d  p la n t s  were l e s s  th a n  th e  p la n ts  w ith  'r e s i d e n t  p h ase ' o f 
£ .  m ic h ig a n e n se . The d is e a s e  i s  d is se m in a te d  by in f e c te d  d e b r is  
and th ro u g h  com m ercial p r a c t i c e s  (h a n d lin g  d is e a se d  p la n t s ,  u s in g  
co n tam in a ted  k n iv e s )  b u t n o t  w ith  i n s e c t s .
The s u r v iv a l  o f  £ .  m ich iganense  in  w ate r v a r ie d  b u t c e l l s  in  h ig h  
c o n c e n tr a t io n ,  low te m p e ra tu re  and a n a e ro b ic  c o n d i t io n s  su rv iv ed  
more th a n  one y e a r .
The pathogen  su rv iv e d  a t  l e a s t  20 days on tom ato  le a v e s  w ith o u t 
symptoms ; s u r v iv a l  depended on r e l a t i v e  h u m id ity .
The d is e a s e  r a t i n g s  were h ig h e r  in  s u c c u le n t  t i s s u e  o f  young p la n ts ,  
young p a r t s  o f  m ature p la n ts  and in  p la n t s  grown in  l i g h t  s o i l s  
w ith  e x c e ss  f e r t i l i s e r .
The pathogen  can  cau se  h y p e r s e n s i t iv e  r e a c t io n  (HR) in  to b acco  le a v e s  
s im i la r  t o  one caused  by pseudom onads a s  th e  e x te r n a l  and u l t r a -  
s t r u c t u r a l  changes showed. The u l t r a s t r u c t u r a l  changes o f  tom ato 
le a v e s  i n f i l t r a t e d  w ith  sa p ro p h y te  Pseudomonas a e ru g in o s a , 
h e te ro lo g o u s  £ .  sy r in g a e  and homologous £ .  m ich iganense  were 
fo llo w ed  and com pared.
The developm ent o f  f o l i a g e  s p o ts  was fo llo w ed  by scan n in g  e le c t r o n  
m icroscopy .
s tu d y in g  th e  developm ent o f £ ,  m ich iganense  and o th e r  s e le c te d  
h e te ro lo g o u s  and sa p ro p h y tic  b a c t e r ia  i t  was found t h a t  on ly  
£ .  m ich iganense  m u l t ip l ie d  from low in o c u la  to  h ig h  f i n a l  p o p u la tio n s  
Some sa p ro p h y te s  co u ld  i n h i b i t  homologous and h e te ro lo g o u s  b a c te r ia  
i f  th e y  were in o c u la te d  e a r l i e r  and in  a  r a t i o  o f  10:1 o r h ig h e r .
No h o s t  more s e n s i t i v e  th a n  tom ato  was found . One in f e c te d  seed  in
2000 o r  more co u ld  be d e te c te d  by l e a f  i n f i l t r a t i o n  te c h n iq u e s  and
k -110 p athogen  c e l l s  ml by u s in g  f lu o r e s c e n t  s u b s t r a t e
(3- 0-m e th y lf lu o re s c e in )  in  ELISA doub le  a n tib o d y  sandw ich
m ethod.
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CHAPTER 1
GENERAL INTRODUCTION
B a c te r ia l  c a n k e r o f  tom ato  caused  by C orynebacterium  m ich iganense  
(F .F . Sm ith) H .L. Jen sen  was o r ig i n a l l y  observed  in  1909 in  th e  
U nited S ta t e s  a t  Grand R ap id s , M ichigan . For t h i s  re a so n  i t  was 
f i r s t  c a l l e d  "Grand R apids d is e a s e "  (Sm ith , 1920). S in ce  th e n  i t  
has caused  much co n cern  in  many p a r t s  o f  th e  w orld . L o sses  r e s u l t  
p r im a r ily  from  th e  g e n e ra l  d e c l in e  o r d e a th  o f v a s c u la r ly  in f e c te d  
p la n t s ,  b u t some lo s s e s  a l s o  r e s u l t  from s p o tte d  f r u i t s  u nder wet 
c o n d i t io n s .  S in ce  i t s  f i r s t  d e s c r ip t io n ,  th e  o ccu rren c e  o f  
b a c t e r i a l  can k e r has been s p o ra d ic .  I t  can be a d e v a s ta t in g  
d is e a s e  o f  c o n s id e ra b le  econom ic im portance w ith  a w orld  wide 
d i s t r i b u t i o n .  In  many p a r t s  o f  th e  U .S.A . b a c t e r i a l  c an k e r has 
been one o f  th e  m ost s e r io u s  tom ato  d is e a s e s  ( S t r i d e r ,  1969b).
The d is e a s e  was f i r s t  re c o g n ise d  in  E a s t A fr ic a  in  1945 by N a tra s s  
and C iccarone  and in  1946 s e v e re  in f e c t io n s  in v o lv in g  up t o  80% 
o f th e  c ro p  in  some f i e l d s  were re p o r te d  (N a tra ss  and C ic c a ro n e , 
1946).
In  E ngland , b a c t e r i a l  c a n k e r  o f  tom ato  was in tro d u c e d  in  1942. The 
d is e a s e  o c c u rre d  th en  in  g la ssh o u se  c ro p s  in  two l o c a l i t i e s  in  
S ussex , and in  th e  su b seq u en t y e a r  te n  new o u tb rea k s  were seen  
(Moor, 1947) .  No o u tb re a k s  o ccu rred  f o r  s e v e ra l  y e a rs  u n t i l  
r e c e n t ly  when in  1979 i t  was con firm ed  in  f iv e  n u r s e r ie s  in  South  
England. E a r ly  in  1980 i t  had been i s o la te d  in  two g la ssh o u se  
a re a s  (A .D .A .S. p e rs o n a l  co m m u n ica tio n .)
In  G reece th e  d is e a s e  was f i r s t  re c o rd e d  in  1957 (Zachos and 
G eorgopoulos, 1957) and s in c e  th e n  i t  has been r e p o r te d  many tim es  
and in  some f i e l d s  h a s  caused  up to  70% lo s s e s  (u n p u b lish ed  d a t a ) .
In  th e  C hannel I s la n d s  in  1976 and 1977 b a c t e r i a l  can k e r cau sed  
sev e re  damage in  th e  g la ssh o u se  tom ato  c ro p s  and i t  was th e  main 
problem  in  th e  lo c a l  tom ato in d u s try  (Penna, p e rso n a l com m unication)
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Indeed th e  s e r io u s n e s s  o f  th e  in c id e n c e s  in  th e  C hannel I s la n d s  
was th e  re a so n  f o r  w orking on t h i s  d is e a s e .
A c o n s id e ra b le  volume o f  work h a s  been p u b lish e d  on b a c t e r i a l  
canker o f  to m ato . One o f  th e  f i r s t  m ajor c o n t r ib u t io n s  was th a t  
o f Bryan (1930) who made e x te n s iv e  and d e ta i le d  s tu d ie s  o f  th e  
d is e a s e .  Most o f  B ry a n 's  w ork, and a l s o  t h a t  o f  o th e r  r e s e a rc h e r s  
s in c e  S m ith s ' o r ig i n a l  d e s c r ip t io n  o f  th e  d is e a s e ,  has been 
rev iew ed by S t r id e r  (1969b) who q u o te s  ab o u t 500 r e f e r e n c e s .  A ll 
a s p e c ts  o f  th e  d is e a s e  have n o t  been exam ined, how ever, and in  some 
c a se s  c o n t r a d ic to r y  o b s e rv a t io n s  have been made.
The c a u s a l  a g e n t o f  th e  d is e a s e  -  C orynebacterium  m ich iganense -  
s u rv iv e s  and can be d is s e m in a te d  in  s p i t e  o f  s t r i c t  hyg iene in  
g la ssh o u s e s  and f i e l d s  where to m ato es  a re  c u l t i v a t e d .  The d is e a s e  
may be sp re a d  by h a n d lin g  young d is e a s e d  p la n ts  (Ark, 1944; McKeen, 
1973), by co n tam in a ted  k n iv e s  (A rk , 1944) o r by in f e c te d  cro p  
d e b r is  (B ryan , 1930). W orld-w ide d i s t r i b u t i o n  o f  th e  d is e a s e  may 
come ab o u t th ro u g h  seed s  i n f e s t e d  o r  in f e c te d  w ith  th e  b ac te riu m . 
Seed t r a n s m is s io n  i s  r e p o r te d  t o  v a ry  c o n s id e ra b ly  from  l e s s  th an  
1% to  ov er 80%. I n s e c ts  may be in v o lv e d  in  th e  sp read  o f  th e  
d is e a s e  over lo n g  d is ta n c e s  o r  l o c a l l y ,  a lth o u g h  Ark (1944) was 
unab le  to  show th e  d is s e m in a tio n  o f  £ .  m ich iganense by th e  g reen  
peach a p h id  (Myzus p e r s ic a e  S u l z . ) ,  th e  ta rn is h e d  p la n t-b u g  
(Lygus p r a te n s i s  L . ) ,  on ion t h r i p s  (T h rip s  ta b a c i  L in d .)  o r th e  
tw e lv e -sp o t te d  cucumber b e e t l e  (D ia b ro t ic a  duodecim p u n c ta ta  F a b r .)
An im p o rta n t so u rce  and r e s e r v o i r  o f  b a c t e r ia  may be w ater 
co n tam in a ted  by c o n ta c t  w ith  d is e a s e d  p la n ts  d u rin g  th e  tom ato 
grow ing se a so n . S tu d ie s  o f  th e  s u r v iv a l  o f  £ .  m ich iganense in  
w ater a re  c o n t r a d ic to r y .  Thyr (1968b) r e p o r te d  a l l  b a c te r ia  in  a 
10^ c e l l /m l  su sp e n sio n  o f  £ .  m ich iganense  had d ie d  a f t e r  24 hours 
to  168 h o u rs , w hereas o th e r  w o rk e rs , f o r  example De Vay and 
S c h n a th o rs t (1963) su g g e s t t h a t  some b a c te r ia  can su rv iv e  by 
be ing  m a in ta in e d  in  s t e r i l e  d i s t i l l e d  w a te r . In  view o f  th e  
p o s s ib le  im portance o f  co n tam in a ted  w a te r a s  a  so u rce  o f inoculum
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to  h e a l th y  p la n ts  th e  s u r v iv a l  o f  £ .  m ich iganense  in  w ater needs 
f u r th e r  in v e s t ig a t io n .
A nother p o s s ib le  so u rce  o f  th e  pathogen  i s  b a c t e r i a  p re s e n t  on 
th e  a e r i a l  p a r t s  o f  p l a n t s .  I t  has been r e p o r te d  t h a t  s e v e ra l  
pa thogens can l i v e  on a e r i a l  p la n t  s u r f a c e s  f o r  s h o r t  o r long  
p e r io d s  in  a  n o n -p a th o g en ic  " r e s id e n t  phase"  a s  e p ip h y te s  (Leben,
1963, 1974). E p ip h y tic  b a c t e r i a l  s u r v iv a l  means t h a t  th ey  can 
be a so u rce  o f  p rim ary  and seco n d ary  in f e c t i o n s .
A lthough a l l  p la n t  pa thogens a re  p r e s e n t  m ost o f  th e  y e a r ,  a lm ost 
a l l  d is e a s e s  occur o r develop  b e t t e r  d u r in g  th e  warmer p a r t  o f 
th e  y e a r ,  th e  d is e a s e s  b e in g  fav o u red  by w et and warm d ay s. Young 
te n d e r  p la n ts  o r young p a r t s  o f  m ature p la n ts  a re  m ost s u s c e p t ib le  
to  in f e c t io n .  A ll  t h i s  in d i c a te s  t h a t  th e  en v iro n m en ta l c o n d it io n s  
p r e v a i l in g ,  bo th  in  a i r  and s o i l ,  a s  w e ll  a s  th e  p h y sio lo g y  o f  
th e  p l a n t ,  a f f e c t s  th e  developm ent o f  th e  d is e a s e s .
On in v a s io n  by p h y to p a th o g en ic  b a c t e r i a ,  u s u a l ly  pseudomonads, p la n t  
t i s s u e s  respond  w ith  a h y p e r s e n s i t iv e  r e a c t io n  (HR) in  th e  form o f  
r a p id  t i s s u e  n e c r o s i s ,  so  i n h i b i t i n g  th e  sp re a d  o f  th e  pathogen 
(K lem ent, 1963; Klemeht e t  a l . ,  1964). A nother form o f  p la n t  
r e s i s t a n c e  was d e sc r ib e d  by LcVrejfebvich and F a rk as  (1965). Tobacco 
le a v e s  p re in o c u la te d  w ith  h e a t - k i l l e d  c e l l s  o f  Pseudomonas ta b a c i  
and in o c u la te d  w ith  l i v in g  c e l l s  o f  £ .  p h a s e o l ic o la  o r £ .  ta b a c i  
developed  symptoms and b a c t e r i a l  m u l t ip l i c a t io n  was s tro n g ly  
in h i b i t e d .  Such r e a c t io n s  have n o t  been t e s t e d  o r  r e p o r te d  fo r  
C o ry n e b a c te r ia .
In  n a tu r e ,  p la n ts  a re  su rrounded  by b a c t e r i a  o f  many s p e c ie s ,  o f te n  
under c o n d i t io n s  which appear to  be fa v o u ra b le  to  t h e i r  m u l t ip l ic a t io n  
However, h e a l th y  t i s s u e  has been found to  be a lm o s t o r co m p le te ly  
f r e e  o f  b a c t e r i a ,  in d ic a t in g  t h a t  m ost b a c t e r i a l  s p e c ie s  do n o t 
p r o l i f e r a t e  s ig n i f i c a n t l y  w ith in  p la n t  t i s s u e  in  s p i t e  o f  th e  f a c t  
t h a t  i n t e r c e l l u l a r  sp aces  o f  p la n t  t i s s u e  a p p ea r to  c o n ta in  a l l  th e  
n u t r i t i o n a l  re q u ire m e n ts  f o r  m u l t ip l i c a t io n .  Only th e  pathogens 
in  p la n t  t i s s u e  have been shown to  m u l t ip ly ,  and from th e se  on ly
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th e  hom ologous m u l t ip ly  from  low in o c u la  to  h ig h  f i n a l  p o p u la tio n  
(A llin g to n  and C ham berlain , 1949). The mechanisms o f  h o s t-p a th o g en  
in t e r a c t io n  t h a t  le a d s  to  in f e c t io n  o r to  r e s i s t a n c e  have n o t been 
e lu c id a te d .  I t  has been r e p o r te d  t h a t  p l a n t s ,  a s  a  means o f 
r e s i s t a n c e ,  im m ob ilise  and l a t e r  e n c a p su la te  in v a d in g  sap ro p h y te s  
(Goodman e t  a l . ,  1976), h e te ro lo g o u s  b a c te r ia  (Goodman and P lu ra d , 
1971), and even homologous b a c t e r i a  (Daub and H agedorn, 1978).
From th e  p u b lish e d  a c c o u n ts  i t  seems t h a t  many common u l t r a -  
s t r u c t u r a l  changes r e s u l t  from  b a c t e r i a l  in v a s io n  o f  t i s s u e s .  In  
tom ato  p l a n t s ,  young, o r m a tu re , le a v e s  in o c u la te d  w ith  d i f f e r e n t  
b a c t e r ia  show d i f f e r e n t  symptoms. F u rth e rm o re , th e  HR o f  tobacco  
le a v e s  i s  d i f f e r e n t  from  HR o f  tom ato  le a v e s .  These d i f f e r e n c e s  
m ight r e a s o n a b ly  be ex p ec ted  to  g iv e  d i f f e r e n t  u l t r a s t r u c t u r a l  
symptoms. W ith t h i s  in  m ind, u l t r a s t r u c t u r a l  s tu d i e s ,  u s in g  th e  
tra n s m is s io n  e le c t r o n  m ic ro sco p e , were u n d e rta k e n . In  a d d i t io n ,  
th e  sc a n n in g  e le c t r o n  m icroscope h as  been used  f o r  th e  f i r s t  tim e 
to  lo c a te  C. m ich iganense on le a v e s  and to  s tu d y  o th e r  f e a tu r e s  o f  
b a c t e r i a l  c a n k e r o f  tom ato .
Most o f  th e  te c h n iq u e s  c o n v e n tio n a l ly  a p p lie d  in  e p id e m io lo g ic a l
s tu d ie s ,  and f o r  seed  c o n t r o l  o f  p la n t  p a th o g en ic  b a c t e r i a ,
4 5d e te c t  b a c t e r i a l  p o p u la tio n s  o f  more th an  10 to  10 c e l l  p e r gram. 
More s e n s i t i v e  te c h n iq u e s  a re  n eeded . They m ust d e t e c t  low 
p o p u la tio n s  o f  p a th o g en ic  b a c t e r i a  under -n a tu ra l c o n d i t io n s ,  be 
r a p id  and sim p le  in  a p p l ic a t io n  so  t h a t  th e y  can be perform ed by 
u n s k i l l e d  w o rk e rs . Among th e  te c h n iq u e s  t h a t  have been a p p lie d  
a re  th e  u se  o f  s e le c t iv e  m edia (Kado and H e s k e tt ,  1970), th e  use 
o f  s e n s i t i v e  h o s ts  a s  in d i c a to r  p la n ts  ( L e l l i o t  and Sel i a r ,  1976; 
O lsson , 1976 ), and l e a f  i n f i l t r a t i o n  te c h n iq u e s  (Kennedy, 1969; 
G oto, 1972). S e ro lo g ic a l  m ethods such  a s  ELISA (C la rk  and Adams, 
1977) may a l s o  be em ployed. The l a t t e r  method i s  used  most 
e x te n s iv e ly  in  d e te c t in g  p la n t  v i r u s e s , b u t i t s  s e n s i t i v i t y  and 
s p e c i f i c i t y  make i t  p o t e n t i a l l y  u s e f u l  f o r  th e  d e te c t io n  o f  low 
le v e ls  o f  b a c t e r i a ,  p o s s ib ly  in  e a r ly  s ta g e s  o f  in f e c t io n  o r in  
co n tam in a ted  se e d s  and s e e d l in g s .  A ttem pts were made th e re fo re  
to  dev e lo p  th e  ELISA te ch n iq u e  in  th e  d e te c t io n  o f  £ .  m ichiganense 
in f e c t io n s  o f  tom ato .
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T his g e n e ra l  in t r o d u c t io n  has  s e rv e d  to  in d ic a te  some o f  th e  
problem s p re s e n te d  by b a c t e r i a l  c an k e r o f  tom ato . The work 
d e sc r ib e d  in  t h i s  t h e s i s  was. d e s ig n ed  to  p ro v id e  in fo rm a tio n  
th a t  m ight g iv e  some h e lp  in  a f u l l e r  u n d e rs ta n d in g  o f  t h i s  
d is e a s e ,  b e a r in g  in  mind th e  p a r t i c u l a r  need to  be a b le  to  d e te c t  
b a c te r ia  in  low num bers and a l s o  to  u n d e rs ta n d  som ething more o f  
th e  methods o f  d is s e m in a tio n  o f  th e  d is e a s e .  Each c h a p te r  i s  
p re face d  by i t s  own d e t a i l e d  in t r o d u c t io n ,  and concluded  w ith  a 
d is c u s s io n .  The g e n e ra l  c o n c lu s io n s  drawn from th e  work a s  a whole 
a re  g iv en  in  th e  f i n a l  c h a p te r .
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CHAPTER 2
GENERAL MATERIALS AND METHODS
2.1 The C u ltu re  and M aintenance o f  B a c te r ia l  I s o l a t e s
In  th e  c o u rse  o f  t h i s  work th e  c l a s s i f i c a t i o n  o f  Bergey (1974), which 
o f f e r s  a w ide ly  employed and commonly u n d e rs to o d  n o m en cla tu re , has 
been ad o p ted  f o r  l i s t i n g  th e  o rg an ism s.
B a c te r ia l  i s o l a t e s  were o b ta in e d  e i t h e r  a s  ly o p h i ls  o r  a s  ag a r s lo p e s .  
Using r o u t in e  a s e p t i c  te c h n iq u e s ,  i n i t i a l  c u l tu r e s  were p rep ared  on 
NA and NAG a g a r  s lo p e s  by in c u b a t in g  them a t  26° C. A f te r  48 hours 
fo r  Pseudomonas s p p . , E rw in ia  sp p . and Xanthomonas s p p . , and f iv e  
days fo r  C orynebacterium  s p p . , s ix  to  e ig h t  c o lo n ie s  were s e le c te d  
amd su b c u ltu re d  on n u t r i e n t  a g a r  (NA), g ly c e ro l  n u t r i e n t  ag a r (GNA), 
g lu c o se  n u t r i e n t  a g a r  (NAG) and y e a s t - d e x tr o s e  ca lc iu m  c a rb o n a te  (YDC) 
m edia. L a te r ,  th e  c o ry n e b a c te r ia  were s to c k e d  on ly  in  NA. Two s e t s  
were h e ld  unopened and a n o th e r  one was used  f o r  day to  day p re p a ra t io n  
o f  th e  c u l tu r e s .  The s lo p e s  w ere s to r e d  a t  4° C. At in t e r v a l s  o f  
s ix  months th e  tu b e s  were t e s t e d  f o r  c o n tam in a tio n  and su b c u ltu re d  
on to  f r e s h  s lo p e s .  C u ltu re s  o f  th e  n o n -in d ig en o u s  C orynebacterium  
p o in s e t t i a  844 were hand led  in  acc o rd an ce  w ith  th e  l ic e n c e  g ra n te d  
by th e  D epartm ent o f  A g r ic u l tu r e .
D e ta i ls  o f  th e  in g r e d ie n ts  o f  th e  m edia a r e  g iv en  in  Appendix 1. 
C u ltu re s  u sed  in  th e  co u rse  o f  t h i s  work a r e  l i s t e d  in  Appendix 2 .
2 .2  Problem s A sso c ia te d  w ith  th e  M aintenance o f  S ta b le  I s o l a t e s  in  
Pure C u ltu re
L eve ls  o f  v iru le n c e  o f  p a th o g e n ic  b a c te r ia  a re  t y p i c a l ly  u n a f fe c te d  
by th e  medium upon which th e  b a c t e r i a  a r e  c u l tu r e d .  Bryan (1930) 
re p o r te d  m ain tenance o f  £ .  m ich iganense  v iru le n c e  up to  seven y e a rs  
and S t r id e r  (1969b) m a in ta in ed  th e  v iru le n c e  o f  C. m ichiganense fo r  
more th an  56 months on NA k e p t a t  9° C. However, to  v a ry in g  d e g re e s ,
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th e  b io ch em ica l and c u l t u r a l  c h a r a c t e r i s t i c s  o f  th e  b a c te r ia  a re  
found to  a l t e r  w ith  tim e and w ith  f r e q u e n t  s u b c u l tu r in g ,  and i t  i s  
common fo r  p la n t  p a th o g en ic  b a c t e r i a  to  lo s e  v iru le n c e  when m ain ta in ed  
fo r  a  lo n g  tim e (B ryan , 1930; S m ith , 1920). Ark (1946) re p o r te d  
t h a t  v i ru le n c e  o f  £ .  m ich iganense  c o u ld  r e a d i ly  be enhanced by passage 
th ro u g h  tom ato  p la n t s .  To a v o id  any p o s s ib le  lo s s  o f v i r u le n c e ,  
i s o l a t e s  were m a in ta in ed  a s  s to c k  c u l t u r e s ,  s u b c u ltu r in g  ev e ry  s ix  
m onths, and a l s o  by p a s s in g  th ro u g h  tom ato  h o s t s .
From th e  £ .  m ich iganense s t r a i n s  u sed  in  t h i s  work two co lony  ty p e s  
were i s o l a t e d  from th e  o r ig i n a l  o n e s . One sm ooth, f l u i d  w ild  type 
and one w ith  sm a ll,  ro u n d , convex , b u ty ro u s  c o lo n ie s  t h a t  rem ained 
compact and n ev er sp re a d  (P la te  1 ) .  The l a t t e r  ty p e  i s  p ro b ab ly  
s im i la r  in  appea ran ce  to  t h a t  o b se rv ed  by Bryan (1930) and a l s o  to  
th e  n o n -p a th o g e n ic  £ .  m ich iganense  s t r a i n  392- B a c te r ia  from  th e  
f i r s t  ty p e  o f  co lo n y  were more p a th o g e n ic  on tom ato  p la n ts  th an  th e  
l a t t e r  o n es , a s  p re lim in a ry  ex p e rim en ts  showed.
K endrick  and W alte r (1948) and W alte r and K endrick  (1948) f ro z e  
s e c t io n s  o f  in f e c te d  tom ato stem s and p e t io l e s  and k e p t them fro z e n  
fo r  f u tu r e  u s e .  The organism  d id  n o t  lo s e  v iru le n c e  f o r  up to  f iv e  
months b u t no co m p ara tiv e  d a ta  were g iv e n .
In  t h i s  work th e  p a th o g e n ic i ty  o f  s t r a i n s  k e p t f ro z e n  in  s to c k  c u l tu r e ,  
o f  a  f r e s h  i s o l a t i o n  and o f  th e  b u ty ro u s  m u tan t was de term ined  a s  
d e sc r ib e d  below .
V iru len c e  o f  C. m ich iganense  i s o l a t e s .
In  p re lim in a ry  ex p erim en ts  th e  £ .  m ich iganense  s t r a i n s  m entioned in  
Appendix 2 were a l l  h ig h ly  p a th o g e n ic . In  t h i s  ex p erim en t th e  
fo llo w in g  c u l tu r e s  were u sed : one from  w e ll p re se rv e d  s to c k  c u l tu r e
s t r a i n  G1 m a in ta in ed  f o r  two y e a rs  and named "S to c k " ; one from 
f r e s h ly  i s o la t e d  G1 and named " I s o l a t i o n " ;  one re c o v e re d  from in fe c te d  
stem s and p e t io le s  o f  tom ato p la n ts  in o c u la te d  w ith  th e  s t r a i n  G1 
and k e p t fro z e n  a t  -2 0 °  C fo r  15 and 17 m onths and named "F ro z en " , and 
one from  a "m utant" g iv in g  th e  d e s c r ib e d  c o lo n ie s .
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P la te  1
Colonies of £ .  michiganense on N u tr ie n t  Agar.
(A) Small round, convex b u ty ro u s ,  never spreading  
(mutant type)
(B) Smooth, f l u i d  (wild type)
31
g
From th e  above i s o l a t i o n s  su sp e n sio n  o f  1-3 x 10 co lony  form ing u n i t s  
(CFÜ)/m l were p rep a red  a s  d e s c r ib e d  in  2 .3 .
From each  i s o l a t i o n  te n  tom ato  p l a n t s ,  v a r i e ty  G re n a d ie r , a t  6-7  
t r u e  l e a f  s ta g e  were in o c u la te d  by c u t t in g  th e  f i r s t  t r u e  l e a f  w ith  
a s c a lp e l  p re v io u s ly  d ipped  in t o  th e  su sp e n s io n . The wounds were 
covered  w ith  PTFE ta p e  to  p re v e n t to o  r a p id  d ry in g  o f  th e  inoculum .
The p la n ts  were random ized on th e  benches o f  th e  g la ssh o u se  and th e  
experim en t re p e a te d  a f t e r  two m onths. In  each  ex p erim en t p ro g re s s  
o f  th e  d is e a s e  was a s s e s s e d  a f t e r  one month u s in g  th e  fo llo w in g
d is e a se  r a t i n g  based on th e  number o f  w il te d  le a v e s :
D isease  R a tin g  (DR) Leaves w il te d
0 None
1 One l e a f
2 Two to  fo u r
3 H a lf  to  th r e e  q u a r te r s  o f  t o t a l
le a v e s
4 More th an  th r e e  q u a r te r s  o f  th e
le a v e s
5 P la n t  dead
The d a ta  and th e  worked exam ple a r e  g iv en  in  Appendix 3 to g e th e r  w ith  
th e  a n a ly s i s  o f  v a r ia n c e  and th e  m u lt ip le  com parison o f  th e  means 
u s in g  th e  Student-Newm an-Keul*s t e s t  (Z a r r , 1974).
In  th e  s t a t i s t i c a l  a n a ly s i s  o f  th e  r e s u l t s  th e  second exp erim en t was 
c o n s id e re d  a s  a  second b lo c k . The mean d is e a s e  r a t i n g s  a re  shown in  
Table 1 . As i s  seen  from th e  t a b l e , th e  s t r a i n  from  th e  " s to c k "  
c u l tu r e  was a s  v i r u l e n t  a s  th e  new ly i s o la te d  one. The " fro z e n "  
sample showed some lo s s  o f  v i ru le n c e  and th e  l e a s t  v i r u l e n t  was th e  
"m utant" s t r a i n .  Bryan (1930) n o tic e d  a  s im i la r  d e c re a se  o r  l o s s  o f  
v iru le n c e  w ith  th e  b u ty ro u s  c o lo n ie s .  Ark (1944) r e p o r te d  t h a t  
co lony  form  i s  lin k e d  to  th e  deg ree  o f  v i r u l e n c e . E xperim en ts  c a r r i e d  
o u t in  c o l la b o r a t io n  w ith  A .D .A .S . (u n p u b lish ed  d a ta )  in  w hich 
d i f f e r e n t  i s o l a t e s  were t e s t e d ,  two i s o l a t e s ,  one from  s to c k  c u l tu r e  
(F 3123 H arpenden, p ro b ab ly  o f  I t a l i a n  o r i g i n ) and a  new i s o l a t e  
(203/8 from  th e  I s l e  o f  W ight (1980)) were l e s s  p a th o g e n ic . The I
'■fi
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c o lo n ie s  o f  th e s e  two i s o l a t e s  were n o t q u i te  a s  f l u i d  a s  th e  w ild  
type o nes. The i s o l a t e  from  th e  I s l e  o f  Wight a l s o  showed l e s s  v iru le n c e  
in  th e  f i e l d  (A .D .A .S . p e rs o n a l  com m unica tion). S t r id e r  and Lucas 
(1970) and Thyr (1972) r e p o r te d  v a r i a t i o n s  in  th e  v iru le n c e  among 
i s o l a t e s  c o l l e c t e d  from  d i f f e r e n t  g e o g ra p h ic a l a re a s  b u t ,  u n f o r tu n a te ly ,  
they  d id  n o t  m ention  th e  co lo n y  ap p ea ran ce  o f  th e se  i s o l a t i o n s .
Patino-M endez (1964) and R ai and S t r o b e l  (1969a and b) found e x t r a ­
c e l l u l a r  to x in s  in  £ .  m ich ig an en se  and su g g es ted  th a t  th e s e  a re  
in v o lv ed  in  v i r u l e n c e . In  £ .  so lanacearum  th e  lo s s  o f  v iru le n c e  o f 
bu ty rous m u tan ts  i s  a s s o c ia te d  w ith  d ec re a se d  s y n th e s is  o f  e x t r a ­
c e l l u l a r  p o ly s a c c h a r id e s  (Buddenhagen and Kelman, 1974; H usain and 
Kelman, 1958a and b ; Kelman, 1954). D ig a t (1972) su g g es ted  th a t  one 
o f  th e  re a so n s  f o r  l o s s  o f  v i r u le n c e  in  £ .  so lanacearum  was th e  absen ce  
o f c a t a la s e  a c t i v i t y  lo c a te d  in  th e  s lim e  t h a t  cou ld  p la y  a  r o l e  in  
th e  c r i t i c a l  f i r s t  s ta g e  o f  th e  e s ta b l is h m e n t o f  th e  pathogen  by 
com peting w ith  p e ro x id a se  o f  th e  h o s t  f o r  p e ro x id e  s u b s t r a te s  (R udolf 
and Stahm ann, 1964). N adolny and S e q u e ira  (1980) how ever, concluded  
t h a t  p e ro x id a se  in c r e a s e s  a r e  n o t  d i r e c t l y  in v o lv ed  in  d is e a s e  
r e s i s t a n c e ,  and p ro b a b ly  r e s u l t  from  in ju r y  caused  by to x ic  compounds 
in  th e  b a c t e r i a l  c e l l  s u sp e n s io n . In  o rd e r t o  t e s t  i f  som ething  
s im ila r  happens w ith  th e  s t r a i n s  u sed  in  t h i s  experim en t and w ith  th e  
a v i r u le n t  C. m ich ig an en se  s t r a i n  399, th e  c a ta la s e  a c t i v i t y  was t e s t e d .  
Two-days o ld  c o lo n ie s  from  th e  m entioned  s t r a i n s  were flo o d e d  w ith  
Hydrogen P e ro x id e  (HgOg) (20 v o l s . ) .  No d if f e r e n c e  co u ld  be v i s u a l ly  
d e te c te d  i n  th e  e f f e rv e s c e n c e  among th e  s t r a i n s  t e s t e d .
I t  seems t h a t  b u ty ro u s  m u ta n ts ,  w hich have d ec re ase d  o r l o s t  v iru le n c e  
and p o ly s a c c h a r id e ,  a r e  n o t  j u s t  s im p le  s in g le - c h a r a c te r  m u tan ts ; 
th ey  d i f f e r  in  many ways from  th e  v i r u l e n t  form .
m
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Table 1. D isease  r a t i n g s  f o r  d i f f e r e n t  s to c k s  o f
C. m ich iganense
Mean D isease  R a tin g s*  f o r  d i f f e r e n t
s to c k  c u l tu r e s
I s o l a t e S to ck F rozen M utant
4 .5 5 4 .5 5 4 3-05
Means n o t  a d ja c e n t  on th e  same l i n e  a re  s ig n i f i c a n t l y  
d i f f e r e n t  f o r  l e v e l  o f  s ig n i f i c a n c e  up = 0 ,0 5 .
D e ta i l s  o f  s t a t i s t i c a l  a n a ly s i s  a r e  g iv e n  in  Appendix 3,
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2 .3  The Q u a n ti ta t iv e  D e te rm in a tio n  o f  In o c u la
Q u a n ti ta t iv e  s tu d ie s  o f  h o s t-p a th o g e n  in t e r a c t io n s  demand a c c u ra te  
e s t im a te s  o f  b a c t e r i a l  numbers f o r  th e  s ta n d a rd iz a t io n  o f in o c u la  
and f o r  th e  a c c u ra te  d e te rm in a tio n  o f  b a c t e r i a l  p o p u la tio n s  in  th e  
p l a n t s . B efo re  a t te m p tin g  q u a n t i t a t i v e  s t u d i e s .o f  h o s t -  pathogen  
i n t e r a c t io n  i t  was n e c e ss a ry  to  d e te rm in e  le v e l s  o f  accu racy  o f  th e  
methods to  be employed and to  d ev e lo p  te c h n iq u e s  which would a v o id , 
where p o s s ib le ,  th e  g ro s s  e r r o r s  w hich have been re p o r te d  e lsew here  
(Kavanagh, 1947; Koch, 1961; S tr a k a  and S to k e s , 1957). Koch (1961) 
c a lc u la te d  t h a t  o p t i c a l  d e n s i ty  (OD) o f  b a c t e r i a l  su sp en sio n s, was 
p ro p o r t io n a l  to  c e l l  mass and n o t  t o  b a c t e r i a l  c e l l  number. I f  s o ,  
th en  th e  c o n d i t io n s  o f  b a c t e r i a l  g row th  m ust be s ta n d a rd iz e d .
The c o r r e l a t i o n  o f  c e l l  numbers w ith  OD in v o lv e d  an exam ination  o f 
th e  acc u racy  o f  s p e c tro p h o to m e tr ic  m easurem en ts, th e  c o n d it io n s  o f 
grow th o f  b a c t e r i a ,  p re p a ra t io n  o f  d i l u t i o n s  and measuremnt o f  
b a c t e r i a l  num bers.
2 .3 .1  P re p a ra t io n  o f  In o c u la  and P la t in g
S tan d a rd  s t e r i l e  and a s e p t i c  te c h n iq u e s  were used  in  p re p a ra t io n  o f 
media and in  th e  h a n d lin g  o f th e  b a c t e r i a .  S u b c u ltu r in g  and p la t in g  
p ro ced u re  were perform ed in  a  s t e r i l e  in o c u la t io n  room. As a  d i lu e n t  
s t e r i l e  g la s s  d i s t i l l e d  w ate r (SDW) was used  because i t  does n o t 
have any e f f e c t  on th e  h o s t  -  pathogen  in t e r a c t io n  fo llo w in g  in o c u la t io n , 
P la s t i c  p e t r i  d is h e s  p la te s  o f  a p p ro p r ia te  medium were f r e s h ly  
p rep a red  1-2 days p r io r  to  u s e ,  d r ie d  e i t h e r  by le a v in g  a t  room 
te m p era tu re  f o r  1-2 d a y s , o r by in v e r t in g  open in  an in c u b a to r  a t  
36° C f o r  40 m in u te s .
P la te s  were in o c u la te d  from a s to c k  c u l tu r e  s lo p e  o r from  f r e s h ,  
s in g le  c o lo n ie s  from  r e - i s o l a t i o n s .  The p l a t e s  were incubated , a t  
26° C f o r  two d ay s , washed w ith  SDW, c e n t r i f u g e d  f o r  15* a t  3 ,000  g , 
and a d ju s te d  to  th e  a p p ro p r ia te  t r a n s m it ta n c e  a t  620 nm. Then 
te n - f o ld  d i l u t i o n s  were made u s in g  1 ml s t e r i l e  g rad u a ted  p i p e t t e s .
One ml o f  b a c t e r i a l  su sp en sio n  was t r a n s f e r r e d  s u c c e s s iv e ly  t o  9 ml
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SDW in  th o ro u g h ly  c le a n e d  M acCartney b o t t l e s .  The p ip e t t e s  were 
r in s e d  by draw ing in  and e x p e l l in g  th e  suspemLon fo u r  tim e s .
The c o n te n ts  o f  th e  b o t t l e s  were shaken v ig o ro u s ly  between 
d i l u t i o n s .  A f r e s h  p i p e t t e  was u sed  f o r  each  d i l u t i o n .  U su a lly  
two o r th r e e  p l a t e s  w ere u sed  a t  each  d i l u t io n  ( in  s e le c t iv e  m edia 
f o u r ) .
D ilu t io n  s e r i e s  were p la te d  b e g in n in g  w ith  th e  lo w est d i l u t io n  by 
dropp ing  0.1 ml o f  th e  su sp e n s io n  on to  each p l a t e ,  fo llow ed  by th e  
n e x t h ig h e r  c o n c e n tr a t io n  in  o rd e r ,  u s in g  u s u a l ly  one p i p e t t e .
Two L -b en t g la s s  ro d s  w ere s t e r i l i z e d  and w h i ls t  one co o led  th e  
o th e r  was used  to  sp re a d  th e  inocu lum , th u s  sa v in g  tim e .
2 .3 .2  E f f e c t  o f  SDW on th e  V i a b i l i t y  o f  S e le c te d  B a c te r ia
G unter (1 9 5 4 ), S to k e s  and O sborne (1956) found t h a t  d i s t i l l e d  w a te r , 
ta p  w a te r , p h y s io lo g ic a l  s a l i n e  and 0 .1  M phosphate  b u f fe r  o f a lk a l in e  
pH were each  l e t h a l  t o  JP. a e ru g in o sa  and JP. f lu o re s c e n s  w ith in  a 
p e r io d  o f  3-5  h o u rs . S tr a k a  and S to k es  (1957) o b ta in ed  s im i la r  r e s u l t s  
fo r  o th e r  b a c t e r i a .
S c h u s te r  * H off and Compton (1 9 7 5 ), however, m a in ta in ed  th e  v iru le n c e  o f  
£ .  n eb rask en se  up t o  23 m onths in  SDW. I f  th e  re p o r te d  r a t e s  o f  d e c l in e  
in  SDW a p p lie d  to  th e  p la n t  p a th o g en s used  in  t h i s  s tu d y  th en  i t  
seemed l i k e l y  t h a t  s e r io u s  d is c r e p a n c ie s  co u ld  occur between th e  a c tu a l  
number and c a lc u la te d  b a c t e r i a l  p o p u la tio n s  i f  SDW was u se d .
E xperim ents were th e r e f o r e  u n d e rta k e n  to  show th e  beh av io u r o f  
£ .  m ich iganense  in  SDW.
S uspensions in  SDW o f  an i s o l a t e  o f  £ .  m ich iganense were a d ju s te d  to
1-3 X 10^ and 1-3 x 10^ co lo n y  fo rm ing  u n i t s  (CFU) /m l) . The above 
c o n c e n tra t io n s  were p la te d  a t  0 , 1, 2 , and 3 h o u rs . These tim es  r
Hr .■■'I
in c lu d e  th e  maximum tim e  (3 h o u rs )  any inoculum  would be exposed t o  ■ ^
SDW in  any e x p e rim e n t. A 1 -h o u r exposure would be no rm al. _
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Changes in  b a c t e r i a l  number were ex p re sse d  a s  th e  lo g a rith m  o f  th e  
number p r e s e n t  a f t e r  " t "  tim e (N t) in  te rm s o f  th e  i n i t i a l  p o p u la tio n  
(No) Log The b a c t e r i a l  num bers a r e  th e  means o f  two d e te rm in a tio n s .
L a te r, th e  ex p erim en t was r e p e a te d  u s in g  i s o l a t e s  o f a e ru g in o s a ,
P. p h a s e o l ic o la  and s y r in g a e . The r e s u l t s  a r e  ex p ressed  
g r a p h ic a l ly  by p l o t t i n g  lo g  ^  a g a in s t  t  (h o u rs) in  F ig . 1.
P o p u la tio n s  o f  £ .  m ich ig an en se  w ere m a in ta in e d  in  SDW fo r  bo th  
commencing c o n c e n t r a t io n s .  P o p u la t io n s  o f  £ .  a e ru g in o sa  d ec re ase d  
s l i g h t l y  a f t e r  two h o u rs  ( lo g  = 0 .085 ) w hereas £ .  p h a s e o lic o la  
showed d e c re a se d  p o p u la t io n s  o f  up to  0.31 o rd e r  o f  m agnitude o f  th e  
o r ig i n a l  p o p u la tio n  f o r  th e  low er b a c t e r i a l  c o n c e n tr a t io n .  P,. s y r in g a e  
f e l l  by 0 .26  and 0 .44  o rd e rs  o f  th e  o r ig i n a l  m agnitude o f th e  h ig h e r  
(1 -3  X 10®) and th e  low er (1 -3  x 10® CFU/ml) c o n c e n tra t io n s  r e s p e c t iv e ly .  
In  b o th  ex p e rim en ts  s l i g h t  f l u c t u a t i o n s  were o b se rv ed , p o s s ib ly  due 
to  p la t in g  e r r o r s .
The p o p u la tio n s  o f  £ .  m ich ig an en se  and P . a e ru g in o sa  d id  n o t  show any 
e f f e c t  when suspended  in  SDW f o r  a t  l e a s t  th r e e  ho u rs  a t  e i t h e r  
c o n c e n tra t io n .
P . p h a s e o l ic o la  and P . s y r in g a e  showed a  s l i g h t  d e c re a s e .
The r e s u l t s  d id  n o t  show th e  d ra m a tic  e f f e c t  d e sc r ib e d  by G unter (1954 ), 
s to k e  and Osborne (1956) , and S tr a k a  and S to k es  (1957) b u t a re  in  
agreem ent w ith  th e  o b s e rv a tio n s  o f  S c h u s te r , H off and Compton (1 9 7 5 ). 
L a te r ,  when more d e t a i le d  ex p e rim en ts  were c a r r i e d  o u t ,  th e  p o p u la tio n  
o f  C. m ich iganense  was v ia b le  up t o  12 months a t  4 °  C.
P o s s ib le  e x p la n a tio n s  and d is c u s s io n  o f  t h i s  a r e  found in  4 .7 .  In  
th e  c o u rse  o f  t h i s  work b a c t e r i a l  su sp e n s io n s  were p rep a red  in  SDW.
2 .3 .3  The A ssay o f  B a c t e r i a l  Numbers
The acc u racy  o f  th e  c o r r e l a t i o n  betw een th e  l i g h t  tra n s m is s io n  o f  a  
b a c t e r i a l  su sp e n sio n  and b a c t e r i a l  number was t e s t e d . _ :
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F i r s t  th e  ex p erim en t was done w ith  £ ,  m ich ig an e n se . A v e ry  h ig h  
c o n c e n tra te d  su sp e n sio n  o f £ .  m ich ig an en se  grown f o r  two days on 
NAG p la te s  was p rep a red  and p la te d  a s  d e s c r ib e d . W ith a  s p e c tro ­
photom eter (Unicam 500) a t  620 nm th e  p e rc e n ta g e  tra n s m is s io n  was 
reco rd ed  f o r  each  d i l u t i o n .
9I t  was found t h a t  a  p o p u la tio n  o f  3 .9  x 10 CFU/ml determ ined  by 
p la t in g  co rresp o n d ed  to  4% tr a n s m is s io n ,  and a p o p u la tio n  o f *
3 .9  X 10® CFU/ml co rresp o n d ed  to  55% tra n s m is s io n .
The ex p erim en t was re p e a te d  th r e e  more t im e s , w ith  tra n sm is s io n  
a d ju s te d  to  55% by d i l u t i o n .  The l a s t  th r e e  10 10”^ and 10"®
d i lu t io n s  w ere p la te d  a s  above . The above experim en t was re p e a te d  
u s in g  i s o l a t e s  o f  JP. a e ru g in o s a , £ .  p h a s e o l ic o la  and £ .  sy rin g a e  
and was r e p l i c a t e d  fo u r  tim es  f o r  each  b a c te r iu m .
The r e s u l t s  were a n a ly se d  s t a t i s t i c a l l y  and a re  summarised in  T able 2
A ll s p e c ie s  gave s im i la r  r e s u l t s .  T here was v a r i a t io n  between 
ex p erim en ts  perform ed a t  d i f f e r e n t  t im e s ,  in d ic a t in g  t h a t  
s ta n d a rd iz a t io n  o f grow ing c o n d i t io n s  was m ost im p o r ta n t .  The 
c u l tu r e s  were f o r  t h a t  re a so n  a lw ays grown f o r  two days on NAG when 
s ta n d a rd iz e d  su sp e n s io n s  were u se d .
Some v a r i a t io n  was due to  th e  sp e c tro p h o to m e te r  because m easurem ents 
a t  th e  same su sp e n sio n  a f t e r  one t o  th r e e  h o u rs  had s l i g h t  v a r i a t io n s  
in  tra n s m is s io n  (up to  4%) w ith o u t any p a t t e r n .  Good shak ing  e f  
th e  su sp e n s io n s  was e s s e n t i a l ,  b u t i t  d id  n o t  overcome th e se  s l i g h t  
v a r i a t io n s .
The m easurem ent a t  55% tr a n s m is s io n  p roved  s a t i s f a c t o r y  in  much th e  
same way a s  d e s c r ib e d  by Koch (1 9 6 1 ).
The r e s u l t  shows th a t  t h i s  method g iv e s  more o r l e s s  a c c e p ta b le  
accu racy  and t h i s  method was u sed  a s  an in d ic a t io n  o f  th e  b a c t e r i a l  
c o n c e n tr a t io n s . In  m ost e x p e rim en ts  p la t in g  was a l s o  used  to  g iv e  
more a c c u ra te  m easurem ents o f  th e  b a c t e r i a  p o p u la tio n .
,".i
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2 .4  Growth o f  th e  T e s t P la n ts
The tom ato  v a r i e t i e s  used  were u s u a l ly  G ren ad ie r  and Money Maker.
F ourty  to  60 tom ato  se e d s  were sown in  14” x S j ” t r a y s  o f  W ard 's 
p ro p a g a to rs  c o n ta in in g  B ow er's com post. The t r a y s  were p la c e d  in s id e  
la rg e r  p l a s t i c  t r a y s .  The se e d s  and s e e d lin g s  were s u b i r r ig a te d  
by p o u rin g  w a te r  i n to  th e  l a r g e r  t r a y s .  When th e  s e e d l in g s  emerged 
th e  p ro p a g a to rs  w ere opened and when th e  f i r s t  t r u e  le a v e s  appeared  
th e  p la n t s  w ere t r a n s p la n te d  in d iv id u a l ly  in  3” - 6 ” p l a s t i c  p o ts .
The p o ts  w ere p la c e d  in  t r a y s  on th e  benches o f  th e  g re e n h o u se . When 
h igh  h u m id ity  was needed  th e  p la n t s  were e i t h e r  co v ered  in d iv id u a l ly  
w ith  p l a s t i c  c o v e rs  o r p l a s t i c  bags o r  th e y  were p la c e d  in  groups 
in s id e  a Dexion fram ed p o ly th e n e  c ag e . I n s id e  th e  p o ly th e n e  cage 
was a  m e ta l t r a y  covered  w ith  g r a v e l  5 cm deep (P la te  2) . In  a l l  
c a se s  th e  r e l a t i v e  h u m id ity  (RH) around  th e  p la n ts  was h ig h e r  th an  
90% a s  m easured w ith  a  b i - m e ta l l i c  s t r i p  hygrom eter and th e  te m p e ra tu re  
was 1 -2° C h ig h e r  th a n  o u ts id e .
C o n s id e rab le  d i f f i c u l t y  was o c c a s io n a l ly  e x p e rie n c e d  in  o b ta in in g
u n ifo rm ly  developed  p la n ts  w hich were s a t i s f a c t o r y  f o r  in o c u la t io n .
oThe a i r  te m p e ra tu re  in  th e  g reen h o u se , b e in g  15-19 C in  w in te r ,  was 
n o t enough f o r  r a p id  g e rm in a tio n  and grow th and due to  s h o r t  day 
le n g th ,  low sun in c l in a t io n  and c lo u d y  w e a th e r , th e  n a t u r a l  l i g h t  
i n t e n s i t y  was n o t  a lw ays s a t i s f a c t o r y  f o r  p la n t  g row th . E f f o r t s  to  
supplem ent l i g h t  u s in g  400 w a tt m ercury  vapour lam ps a t  14 ho u rs  a 
day gave im proved grow th b u t some s c o rc h in g  and h a rd en in g  o f  th e  l e a f  
lam in a 'w ere  common even when th e  lamps were a t  l e a s t  40 cm above th e  
p la n ts .  The RH was 40-90%.
In  th e  summer th e  a i r  te m p e ra tu re  v a r ie d  from 15 to  39° C and p la n ts  
o f te n  w i l te d  a s  a  r e s u l t  o f  th e  h ig h  te m p e ra tu re  and th e  low a e r a t io n  
in  th e  c a g e . The RH in  th e  g reenhouse  was 25-'85%. B ecause o f  th e  
above v a r i a t i o n  o f  th e  g reenhouse c o n d it io n s  th e  in o c u la te d  p la n t s  
a re  r e f e r r e d  to  by s ta g e  o f  grow th  and n o t  by a g e . A lso , th e  above 
m entioned v a r i a t i o n s  made th e  s tu d ie s  o f  th e  h o s t - p la n t  r e a c t io n  
d i f f i c u l t .  W hite f l i e s  were c o n t ro l le d  by sp ra y in g  w ith  Sybol C i c i l ,  
B ic k e t C i c i l  and L indane Smoke P e l l e t s  (M urfume).
4l
P la te  2
Dexion frame po ly thene  cage.
I n s id e  the  cage the  RH was h igher  than 90%
42
2 .5  Methods o f  I n o c u la t io n  o f  P la n ts
C orynebacterium  m ich ig an en se  can be in o c u la te d  in t o  r o o t s ,  s te m s , 
p e t io l e s ,  bu d s, l e a v e s ,  c o ty le d o n s  and f r u i t s  o f  tom ato  p la n t s .
S t r id e r  (1969b) has rev iew ed  th e  in o c u la t io n  p ro ced u res  t h a t  have 
been t r i e d .  Some m ethods seem to  be l e s s  e f f e c t i v e  th an  o th e r s .
Ark (1944) r e p o r te d  t h a t  th e  n e e d le  p r ic k  method r e s u l t e d  in  o n ly  
4% i n f e c t io n ,  w h ile  c u t t i n g  o f f  th e  t i p s  o f  th e  s e e d lin g s  w ith  a 
co n tam in a ted  k n if e  r e s u l t e d  in  100% in f e c t io n .
Ark (1 9 4 4 ), Grogan and K end rick  (1953) c la im  t h a t  s p ra y in g  young 
tom ato p la n ts  does n o t  g iv e  i n f e c t i o n .  In  v iew  o f  th e s e  c o n f l i c t i n g  
r e p o r ts  v a r io u s  in o c u la t io n  p ro c e d u re s  were t e s t e d  in  o rd e r  to  f in d  
th e  b e s t  method o f  in o c u la t io n  and a l s o  in  an e f f o r t  to  u n d e rs ta n d  
th e  mode o f  e n t r y  o f  C, m ich ig an en se  i n to  i t s  h o s t .
2 .5 .1  R oots I n o c u la t io n
Tomatoes ( v a r i e ty  G re n a d ie r)  w ere grown s e p a r a te ly  from s in g le  s e e d s  
in  4" p o ts .  When th e y  re a c h e d  th e  3 -4  t r u e  le a v e s  s ta g e  th e y  were 
used f o r  in o c u la t io n .  A £ .  m ich iganense  s t r a i n  G1 su sp en sio n  was 
p re p a re d , and a d ju s te d  t o  55% tra n s m is s io n  e q u iv a le n t  to  a
o
c o n c e n tra t io n  o f  2 .3  x  10 CFU/ml.
For each  method o f  in o c u la t io n  e i g h t  s e e d lin g s  were u se d . S ix  were 
in o c u la te d  and two w ere u sed  a s  c o n t r o l s ,  u s in g  SDW in s te a d  o f  
inoculum .
Method l a : In  t h i s  m ethod s e e d l in g s  were u p ro o ted  c a r e f u l ly  and
th e  r o o ts  d ip p ed  f o r  two m in u te s  i n t o  th e  b a c t e r i a l  su sp e n s io n .
The p la n ts  w ere th e n  r e p o t t e d .
. _ ,1 ‘ 
Method 1b: As in  l a ,  b u t h a v in g  f i r s t  h a l f  th e  r o o ts  trimmed back  "
to  1-2 cm. T h is  method i s  s im i la r  to  t h a t  o f  S tapp  (1951).
Method 1 c : 250 ml o f  b a c t e r i a l  su sp e n s io n  was poured  in to  :th e  ■soil 
around th e  p l a n t s .
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Method I d : As in  1c, b u t th e  p la n t s  were u p ro o ted  and th e  r o o ts
damaged a s  in  1b. The p la n ts  w ere th e n  r e p o t t e d ,  and 250 ml o f 
inoculum  poured  around  th e  p l a n t s .
A fte r  th e  in o c u la t io n s  th e  p o ts  w ere random ised  on th e  benches in  
th e  g reen h o u se  and w ere s u b i r r i g a t e d .
In  th e se  e x p e rim e n ts  no symptoms developed  u n t i l  a t  l e a s t  20 days 
a f t e r  t r e a tm e n t .  The r e s u l t s ,  u s in g  th e  above m ethods, were a s  
fo llo w s  : -
l a : Only one s e e d l in g  o u t o f  s ix  showed s tu n t in g  and w i l t in g
symptoms a f t e r  28 d a y s . A ll  th e  r e s t ,  a s  w e ll a s  th e  c o n t r o l s ,  
grew n o rm a lly .
1b: F iv e  o u t o f  s ix  p la n ts  showed s tu n t in g  and w i l t in g  a f t e r  28 d ay s .
1c: None o f  th e  p la n ts  showed any symptoms. .
Id : T hree o u t o f  s ix  p la n ts  showed w i l t in g  symptoms a f t e r  28 d a y s .
The r e s t  grew  n o rm a lly .
From a l l . th e  p la n t s  showing symptom s, £ .  m ich iganense  c o u ld  be 
i s o l a t e d ,  w hereas none co u ld  be i s o l a t e d  from  sym ptotnless p la n t s ,
2 .5 .2  Stem and L eaf In o c u la t io n
G reenhouse c o n d i t io n s .  P la n ts  and inoculum  were a s  d e sc r ib e d  above.
The fo llo w in g  in o c u la t io n  p ro c e d u re s  were t e s t e d :
Method 2 a : W ith a  s t e r i l e  s c a lp e l  p re v io u s ly  d ipped  in t o  b a c t e r i a l  /
su sp en sio n  c u t s  w ere made in  th r e e  p la c e s  a lo n g  th e  p e t i o l e s .
Method 2 b ; C u tt in g  o f f  h a l f  th e  l e a f l e t  on a  s i n g l e , l e a f  w ith  s c i s s o r s  
p re v io u s ly  d ip p ed  in t o  b a c t e r i a l  s u sp e n s io n . (M o d if ic a tio n  o f  th e  
C ro sse , Goodman and S h a f fe r  (1972) m e th o d ).
Method 2 c : Wounding th e  stem  above th e  c o ty le d o n s  w ith  a  n e e d le  .
I  I  - j ' l  ^ I  _  ,  L  r - _  | - J _  1 1  '  I  ^  =i' ms-
p re v io u s ly  d ipped  in t o  b a c t e r i a l  s u sp e n s io n . The wound was covered
- - - : 'i. .. ' - , - " ' - - - L ' .'.1. -
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w ith  PTFE ta p e  to  p re v e n t to o  r a p id  d ry in g  o f  th e  inoculum .
Method 2 d : C u tt in g  th e  f i r s t  t r u e  l e a f  a t  th e  p o in t  o f  a tta c h m e n t
to  th e  stem  w ith  a s c a lp e l  p re v io u s ly  d ipped  in t o  b a c t e r i a l  
su sp e n sio n . T h is  wound was a l s o  covered  w ith  PTFE ta p e .
(M o d ifica tio n  o f P in e , G rogan and H e w itt, 1955, and T hyr, 1968a 
te c h n iq u e s ) .
A fte r  th e  in o c u la t io n s  th e  p la n ts  were random ised on th e  benches and 
were s u b i r r ig a t e d .
The fo llo w in g  r e s u l t s  were o b ta in e d : -
2a: A ll  th e  le a v e s  o f  th e  wounded p e t io le s  t r e a te d  w ith  b a c t e r i a
r e a d i ly  w i l te d  in  7 -10  days i n d i c a t in g  in f e c t io n  by th e  p a th o g en .
2b : In o c u la te d  le a v e s  showed p a le -g re e n /y e llo w  b lo tc h in g  and
w il t in g  a lo n g  th e  edge o f  th e  l e a f l e t s  a f t e r  6-10 d ay s .
2c and 2 d : A ll  th e  p la n t s  produced  c a n k e rs  a t  th e  p o in t  o f
in o c u la tio n  in  7-10  days and in  28 days a lm o s t a l l  had w ilte d  o r 
were dead .
In  a l l  th e s e  ex p e rim en ts  £ .  m ich iganense  co u ld  be i s o la t e d  from  p la n ts  
showing symptoms.
2 .5 .3  Spray  I n o c u la t io n
Greenhouse c o n d i t io n s .  T em perature  12-26° C. RH 50-80%,
The b a c t e r i a l  inoculum  t h i s  tim e  was 1 ,5  x 10® CFU/ml. P la n ts  a s  
uniform  a s  p o s s ib le  w ere s e le c te d  a t  two s ta g e s  o f  g row th . "Young” 
a t  2-4 t r u e  l e a f  s t a g e ,  and " o ld "  a t  10-11 t r u e  l e a f  s ta g e .  From th e  
l a t t e r  a l l  b u t th e  th r e e  y o u n g est expanded le a v e s  and th e  th r e e  
te rm in a l l e a f l e t s  p e r  p la n t  w ere rem oved.
H alf th e  p la n ts  from  each  age g roup  were k e p t in  low RH (50-80%) on 
the  benches and h a l f  in  th e  p l a s t i c  cage (P la te  IB) where th e  RH was
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was h ig h e r th a n  90%. The p la n ts  w ere w e ll  w a te red  th e  p re v io u s  day 
and th e  in o c u la t io n  to o k  p la c e  a t  day tim e to  en su re  t h a t  th e  s tom ata  
were open .
H alf th e  "young" and "o ld "  p la n t s  from  each  s e t  o f  h um id ity  c o n d itio n  
were sp rayed  w ith  a  p a in t  p i s t o l  from  a  d is ta n c e  o f  60-70 cm from  
th e  p la n ts  so  t h a t  a  f in e  sp ra y  o f  inoculum  f e l l  o n to  th e  le a v e s  
u n t i l  th e y  w ere th o ro u g h ly  w et.
By t h i s  method th e  l e a f  tr ic h p m e s  w ere n o t  damaged a s  c o u ld  be judged  
by th e  naked e y e .
The o th e r  h a l f  o f  th e  p la n t s  w ere in ju r e d  by ad d ing  a  l i t t l e  
carborundum in  th e  inoculum  and s p ra y in g  a t  a  d is ta n c e  o f  10 cm from 
th e  le a v e s .  Thus e ig h t  d i f f e r e n t  t r e a tm e n ts  were u sed :
1) Young p la n ts  in  low RH and u n in ju re d  (YLU)
2) " " " " " " in ju r e d  (YLI)
3) Young p la n ts  in  High RH and u n in ju re d  (YHU)
4) " " " " " " in ju r e d  (YHI)
5) Old p la n ts  in  low  RH and u n in ju re d  (GLU)
6) " " " " " " in ju r e d  (OLD
7) Old p la n t s  in  h ig h  RH and u n in ju re d  (OHU)
8) " " " 'r " " in ju r e d  (OHI) _
As in  p re v io u s  e x p e r im e n ts , s ix  p l a n t s  w ere u sed  p e r tre a tm e n t and 
two a s  c o n t r o l ,  u s in g  SDW.
The fo llo w in g  a r b i t r a r y  d is e a s e  r a t i n g  was u se d :
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No. o f  S p o ts  D isease  R a tin g
0 0
1 - 1 0  1
1 1 - 2 0  2
2 1 - 3 0  3
31 -  40 4
4 1 - 5 0  5
5 1 - 6 0  6
61 -  70 7
7 1 - 8 0  8
8 1 - 9 0  9
More th a n  90 10
S pots w ere co u n ted  a f t e r  two days u s in g  a  s te r e o s c o p ic  m icroscope 
w ith  s u r f a c e  i l lu m in a t io n .  For "young" p la n ts  th e  s p o ts  t h a t  were 
produced on c o ty le d o n s , and on th e  f i r s t  two t r u e  l e a v e s ,  were
counted  a s  a  w hole. (M o d if ic a tio n  o f  th e  H assan , S t r i d e r  and K o n s le r ,
1968, m ethod) .
For th e  " o ld "  p la n ts  th e  number o f  s p o ts  produced  in  a l l  n in e  l e a f l e t s  
were co u n ted  and th e  mean number c a l c u la t e d .
3
The ex p erim en t was c o n s id e re d  a s  a  2 f a c t o r i a l  one. The th r e e  f a c t o r s
were A = Age, B = H um id ity , and G = I n ju r y .
The e f f e c t  o f  d i f f e r e n t  f a c t o r s  and in t e r a c t io n s  w ere e s t im a te d  w ith  
YateVs method (F a s o u la s , 1964) and th e  d i f f e r e n t  means w ere compared 
w ith  K eu l’ s  t e s t  (Z a r r ,  1974).
The r e s u l t s  (T ab le 3 ) show t h a t  th e  m ost e f f e c t i v e  way o f  in o c u la tiG n  
was by sp ra y in g  young p la n t s  w ith  in ju r e d  le a v e s  u nder h ig h  RH.
T h is  tr e a tm e n t  p roduces ap p ro x im a te ly  tw ic e  th e  in f e c t io n  g i ^ h  by -r 
o ld e r  p la n ts  under th e  same c o n d i t io n s .  On th e  o th e r  h à n d , .sp ra y in g  
o f young Or o ld  p la n ts  u n d er low h u m id ity  g a v e  poor d is e a s e  r* a tin g s  
o f  i .5 a n d  1 .0  r e s p e c t iv e ly .  A ll  th r e e  f a c t o r s ,  Age, .H um idity and ___ 
I n ju r y , w ere s i g n i f i c a n t  even a t  0.001 l e v e l .  T here waS in t e r a c t io n  >
:4
1 .' =
• .J..
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between Age and H um idity  and betw een Age and I n ju r y . A ll  th e  o th e r  
in te r a c t io n s  w ere i n s i g n i f i c a n t ,
2 .5 .4  D isc u s s io n  o f  th e  M ethods o f  I n o c u la tio n
The ro o ts  in o c u la t io n  m ethods d id  n o t  show c o n s is te n t  i n f e c t io n  when 
th e  r o o ts  w ere damaged and s e e d l in g s  were r a r e l y  in f e c te d  when th e  
ro o ts  were undam aged.
A d isa d v a n ta g e  o f  r o o t  in o c u la t io n  i s  t h a t  in f e c t io n  does n o t  show 
u n t i l  more th a n  20 d ays a f t e r  t r e a tm e n t .  Wounds seemed to  be a  
p r e r e q u i s i te  c o n d i t io n  f o r  e f f e c t i v e  in o c u la t io n ,  a lth o u g h  S c h u s te r  
and Wagner (1972) found  t h a t  £ .  m ich iganense  co u ld  i n f e c t  unwounded 
tom ato r o o t s  in  h y d ro p o n ic a lly -g ro w n  to m ato es , r e s u l t i n g  in  100% 
in fe c te d  p l a n t s .  S t r i d e r  (1969a) a l s o  found th e  need f o r  damaged 
t i s s u e  in  h i s  s tu d ie s  o f  r o o t  in o c u la t io n  and O rth  (1937) f a i l e d  t o  
in f e c t  p la n t s  w ith  u n in ju re d  r o o t s .
In o c u la tio n  by s p ra y in g  d id  n o t  g iv e  c o n s i s te n t  r e s u l t s  and i s  
demanding o f  c o n d i t io n s  n e c e s s a ry  f o r  f o l i a r  in f e c t io n .  P la n t s  m ust 
be young, u n d er h ig h  RH and damaged. £ .  m ich iganense i s  n o n -m o tile  
having no f l a g e l l a .  Panopoulos and S ch ro th  (1974) r e p o r te d  t h a t  
m o tile  s t r a i n s  o f  JP. p h a s e o l ic o la  cau sed  12 tim es  more le s io n s  on 
bean le a v e s  th a n  th e  n o n -m o tile  c o u n te r p a r t s .  Where th e se  c o n d i t io n s  
a re  n o t met f o l i a r  s p o ts  a r e  v e ry  r a r e l y  produced and t h i s  p ro b a b ly  
e x p la in s  th e  re a s o n s  why Ark (1944) , O rth  (1937) and Grogan and 
K endrick (1953) f a i l e d  t o  I n f e c t  tom ato  p la n ts  by s p ra y in g .
In  G reece where tcanato  p la n t s  a re  u s u a l ly  grown in  f i e l d , f o l i a r  
symptoms have n o t  been found (p e rs o n a l  com m unication) ,  w hereas in  
th e  Channel I s la n d s  tom ato  p la n ts  grown in  g la ssh o u se s  u nder h ig h  RH 
w ith  t h e  u se  o f  s p r in k l e r  i r r i g a t i o n  ,v e ry  o f te n  have th e  l e a f  s p o ts  
(Penna, p e r s o n a l  com m unica tion ). Basu (1966) r e p o r te d  t h a t  d i s t i n c t  
sp o ts  were p roduced  by £ .  m ich iganense  o n ly  under h ig h  RH c o n d i t io n s .
Basu (1966) and Layne (1968) found t h a t  in ju r e d  le a v e s  had a t  l e a s t  
tw ice a s  many s p o ts  a s  undamaged le a v e s . V a k il i  (1967) r e p o r te d  t h a t  
v e s i c a to r i a  r a r e l y  produced  b a c t e r i a l  s p o ts  by in g r e s s  th ro u g h
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stom ata i n t o  h e a l th y  t i s s u e .  C ro s se ,  Goodman and S h a f fe r  (1972) 
re p o r te d  t h a t  sp ra y in g  u n in ju re d  a p p le  sh o o ts  w ith  a  su sp e n sio n  o f  
E rw inia am ylovora produced no d i s e a s e .  Layne (1968) showed t h a t  
young tom ato  le a v e s  were more s u s c e p t ib le  to  sp ra y in g  w ith  
C. m ich iganense  th an  th e  o ld  o n e s . T h is  may be due to  th e  f a c t  t h a t  
young le a v e s  have more tr ic h o m e s  p e r  u n i t  a re a  th a n  o ld  ones.
Nayudu and W alker (I960) o b ta in e d  th e  same r e s u l t  when sp ra y in g  p la n ts  
w ith  X. v e s i c a t o r i a . From th e  e x p e r im e n ta l p o in t  o f  view  th e  
advantage o f  th e  sp ra y  in o c u la t io n  method i s  t h a t  symptcxns a re  
produced in  5 -8  d ay s .
A ll th e  stem  and l e a f  in o c u la t io n  m ethods (e x p .2 .5 .2 )  proved t o  be 
more c o n s i s t e n t  in  p ro d u c in g  d i s e a s e  s in c e ,  by th e s e  m ethods, th e  
inoculum  i s  in tro d u c e d  in t o  damaged t i s s u e  in c lu d in g  p ro b ab ly  
v a sc u la r  t i s s u e .  Thyr (1969) r e p o r te d  t h a t  on ly  one b a c t e r i a l  c e l l  
i s  r e q u ir e d  to  cau se  in f e c t io n  o f  tom ato  s e e d l in g s ,  p ro v id ed  i t  i s  
in tro d u ced  d i r e c t l y  in t o  th e  xy lem . The advan tage  o f  m ethods 2a 
and 2b ( c u t t in g  h a l f  l e a f l e t s  and s e v e r in g  th e  p e t io l e )  i s  t h a t  
symptoms a r e  o b ta in ed  in  6 -7  d ays .and whole p la n t s  a r e  n o t  l o s t  when 
t e s t in g  th e  p a th o g e n ic i ty  o f  i s o l a t e s .
A lthough in f e c t io n  o f  tom ato  p l a n t s  w ith  Q. m ich iganense can occu r 
through  s to m a ta  (S m ith , 1920; W akimoto, Uematsu and Mucoo, 1968), 
th e  above ex p erim en ts  show t h a t  th e  m ost im portan t^m eans o f  e n t ry  o f  
th e  b a c t e r ia  i s  v ia  wounds. E n tra n c e  o f  th e  b a c t e r i a l  c e l l s  i n t o  
ra e ta b o lic a lly  d is tu rb e d  t i s s u e  (w ounds), a s  V a k il i  (1967) em p hasised , 
u s u a lly  i n i t i a t e s  in f e c t io n .  Wounds on le a v e s  can  be caused  n a t u r a l l y  
or a r t i f i c i a l l y  f o r  v a r io u s  r e a s o n s .  E p iderm al a b ra s io n  may be 
c |(ised  by th e  im pact o f  sand  o r  carborundum  g r a in s  o r by h a n d lin g  o f  
le a v e s . S im i la r ly ,  ep id e rm a l h a i r s  may be broken by h a n d lin g  o r  by
sc ra p in g  th e  le a v e s  a g a in s t  e ach  o th e r  and by th e  a c t io n  o f  r a i n  o r
p re ssu re  s p ra y in g . Wounds a l s o  a r i s e  when le a v e s  a re  k e p t w a te r
soaked f o r  a  p ro longed  tim e (V a lle a u , D iachun and Jo h n so n , 1939;
Johnson, 1948) due to  lo n g  ex p o su re  t o  r a i n ,  dew o r t o  h ig h  h u m id ity  
in  a m o is t cham ber. Wounds c a u se  s u f f i c i e n t  d is r u p t io n  o f norm al 
m etabolism , a t  l e a s t  in  t h e i r  im m ediate su rro u n d in g s , to  b r in g  ab o u t 
a change t h a t  ap p ea rs  to  be th e  p r e r e q u i s i t e  c o n d i t io n s  f o r  in f e c t io n
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by £ .  m ich ig an en se  o r o th e r  p la n t  pathogen  (V a k i l i ,  1967). F o l ia r  
tr ich o m es a r e  a l s o  im p o rta n t f o r  in f e c t io n  (C h ap te r 8 ; K o n tax is , 
1961; L ayne, 1967) b u t a g a in ,  m ost o f  th e s e  tr ic h o m e s  a re  p ro b ab ly  
broken and  a c t  a s  wounds (Layne, 1967).
Table 3 . A n a ly s is  o f  v a r ia n c e  o f  ex p erim en t on sp ra y  in o c u la t io n
D isease  R a tin g s  f o r  v a r io u s  T rea tm en ts  *
YHI YLI OHI YHU OLi OHU YLU QLU
6 .1 6 3 .1 6  2 .8 0 2 .6 6 1 .83 1 .66 1.50  1.00
In ju re d  Young HRH LRH Old U nin ju red
3 .62 3 .37 3 .3 3 1.87 1 .83 1.70
* Means n o t  a d ja c e n t  t o  th e  same l i n e  a re  S ig n i f i c a n t ly  
d i f f e r e n t  f o r  a  = 0.G5
D e ta i l s  o f  th e  ANOVA a re  g iv e n  in  Appendix 3
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2 .6  S e le c t iv e  Media
In  o rd e r  t o  s tu d y  th e  i n t e r a c t io n s  betw een £ .  m ich iganense  and 
tom ato l e a f  s a p ro p h y te s  v a r io u s  m edia s e l e c t i v e  f o r  £ .  m ich iganense  
were p re p a re d  and t e s t e d .  On NA, NAG some sa p ro p h y te s  showed i  
in h ib i t io n  o f  £ .  m ich iganense  and a l s o  outgrew  th e  p h y to p a th o g en .
I n i t i a l  e x p e rim e n ts  w ith  th e  medium D2 d e s c r ib e d  by Kado and 
H esk e tt (1970) r e s u l t e d  in  5-60% a v e ra g e  re c o v e ry  (p e rc e n ta g e  CPU 
o f £ .  m ich ig an en se  on s e l e c t i v e  medium compared w ith  CPU on NAG) 
and v e ry  low in h i b i t i o n  o f  s a p ro p h y te s .
For t h i s  re a s o n  th e  medium o f  S c h n e id e r  and G rogan, a s  d e s c r ib e d  by 
Gross and V id av er (1979) was p re p a re d  and t e s t e d .
This medium gave low  re c o v e ry  o f  £ .  m ich iganense  (1-5%) and h ig h
in h ib i t i o n  o f  s a p ro p h y te s  (99-100%) even when th e  sa p ro p h y te s  were
0
a t  c o n c e n tr a t io n s  h ig h e r  th a n  3 x  10 CPU/ml.
A n tic ip a tin g  t h a t  th e  poor y ie ld  o f  a l l  th e  b a c t e r i a  m igh t r e s u l t  
from to o  h ig h  a  c o n c e n tr a t io n  o f  th e  in g r e d ie n t  B ravo 6P , t h i s  was 
reduced  t o  h a l f ,  and to  a  q u a r te r  o f  th e  q u a n t i ty  o f  th e  o r ig i n a l  
u sed . The m edia w ere named Se2 and Se4 r e s p e c t iv e l y  (See Appendix 2 ) .
2 .6 .1  Com parison o f  Growth o f  C. m ich iganense  on NAG and S e le c t iv e  
M edia Se2 and Se4
S uspensions o f  £ .  m ich iganense  s t r a i n  G2 w ere p re p a re d  and p la te d  
as  d e s c r ib e d ,  on th r e e  o r fo u r  p l a t e s  o f  NAG, Se2 and S e4 . The 
r e s u l t s  (T ab le  4) show v a r i a t io n  o f  up t o  100% betw een th e  r e p l i c a t e s .
Because ‘ th e  a v e ra g e  re c o v e ry  was low and th e  maximum CPU was alw ays 
lower th a n  th e  number o b ta in e d  in  NAG, i t  was d ec id ed  to  u se  a s  ' ,
reco v ery  th e  maximum number o f  c o lo n ie s  re c o v e re d  a s  t h i s  was n e a r e r  . 
to  th e  " r e a l " . NAG num bers. The grow th  was s lo w er and th e  c o u n tin g  ••• 
o f  p la te s  was done a f t e r  9-12 days in s te a d  o f  f iv e  w ith  :NA and NAG - '
m edia. :
■
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2 .6 .2  Recovery E f f ic ie n c y  o f  C, m ich iganense  from Mixed C u ltu re s
To e v a lu a te  th e  re c o v e ry  e f f i c i e n c y  o f  £ .  m ich iganense from mixed
le a f  sa p ro p h y te s  a  su sp e n s io n  p re p a re d  from a  m ix tu re  o f  T . a e ru g in o sa
F lav o b ac te riu m  s p . ,  C o ry n eb ac te riu m  s p . ,  and Pseudomonas s p .  was 
■ 0 
p la te d  a s  d e s c r ib e d .  I t  p roved  t o  be 2 .5  x 10 CFU/ml. Two s e r i e s
o f f iv e  o f  th e  above s u sp e n s io n s  were p rep a red  in  9 ml s t e r i l e
d i s t i l l e d  w a te r (SDW), one w ith  2 .5  x 10^ and one w ith  2 .5  x 10^
CFU/ml. A su sp e n sio n  o f  C. m ich ig an en se  s t r a i n  G2 was p re p a re d  and
p la te d  o n to  th r e e  r e p l i c a t e s  on NAG and in t o  fo u r  r e p l i c a t e s  each
on Se2 and Se4 . One ml o f  each  o f  th e  £ .  m ich iganense  c o n c e n tra t io n s
was mixed w ith  9 ml o f  th e  above c o n c e n tra t io n s  o f  l e a f  s a p ro p h y te s .
Making th e  a p p ro p r ia te  d i l u t i o n  o f  th e  m ix tu re s  a l l  th e  d i l u t i o n s
were p la te d  on NAG, Se2 and S e4 .
The ex p erim en t was re p e a te d  u s in g  on ly  £ .  a e ru g in o sa  a t  a
7
c o n c e n tra t io n  o f  5 x 10 CFU/ml and p la t in g  on NAG and Se4. The 
r e s u l t s  a r e  shown in  T a b le s  5 ,  6 and ?•
Of th e  t e s t e d  m edia th e  m ost s u c c e s s f u l  was th e  Se4 which showed
s a t i s f a c t o r y  re c o v e ry  e f f i c i e n c y  from  th e  m ix tu re s . Up to  68.75%
re c o v e ry  o f  £ .  m ich iganense  was o b ta in e d  when i t  was mixed w ith  l e a f
sa p ro p h y te s  a t  c o n c e n tr a t io n  2 .5  x 10^ CFU/ml and up t o  83% when i t
7was mixed w ith  5 x 10 CFU/ml o f  F . a e ru g in o s a . No re c o v e ry  was 
p o s s ib le  when £ .  m ich ig an en se  a t  a  c o n c e n tra t io n  o f  1 .6  x  10^ CFU/ml 
t# s  mixed w ith  l e a f  s a p ro p h y te s .
When i t  was t e s t e d  w ith  F . a e ru g in o sa  th e  re c o v e ry  was 23% even when 
th e  c o n c e n tra t io n  was 2 x 10^ CFU/ml. The in h i b i t i o n  o f  sa p ro p h y te s  
was u s u a l ly  h ig h e r  th a n
The r e s u l t s  showed t h a t  r e c o v e ry  was dependent on th e  c o n c e n tra t io n  
o f  C. m ich iganense  and on b o th  th e  c o n c e n tra t io n  and q u a l i ty  o f  .. >
s a p ro p h y te s . The in h i b i t i o n  o f  sa p ro p h y te s  a s  shown from  th e  above - :
exp erim en ts  and th e  e x p e rim e n t o f  seed  t r a n s m is s io n . (C hap ter 4) 
was a l s o  dependen t on q u a l i t y  and q u a n t i ty  o f
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Some C o rynebac terium  sp p . show some grow th on SeA. T h is  medium and 
the  o th e r  t e s t e d  m edia were n o t so  s u c c e s s fu l  a s  r e p o r te d ,  p o s s ib ly  
because d i f f e r e n t  b a c t e r i a l  s t r a i n s  were u s e d , o r th e  m edia 
in g r e d ie n ts  d i f f e r e d .
The s e l e c t i v e  medium Se4 was u s e f u l  f o r  i s o l a t i o n  o f  C. m ich iganense  
in  th e  p re se n c e  o f  many sa p ro p h y te s  (P la te  3 ) .  The r a t e  o f  grow th 
was s lo w er and r e q u ir e d  5 -6  more days on Se4 th a n  on NAG b u t - i t  d id  
n o t a f f e c t  th e  v i r u le n c e  o f  th e  s t r a i n s  a s  was proved when v ir u le n c e s  
were com pared betw een s t r a i n s  grown on NA and S e4 . The l i m i t a t i o n  i s  
th a t  i t  g iv e s  i n c o n s i s t e n t  r e s u l t s  and v a r i a t i o n  in . re c o v e ry  .
Gross and V idaver (1979) observed  s im i la r  v a r i a t i o n  up to  
Such v a r i a t i o n  can  p ro b a b ly  be a t t r i b u t e d  to  ip h e re n t  sam p ling  or 
p la t in g  e r r o r s .  One o f  th e  m ajor re a so n s  m igh t be t h a t  s e l e c t i v e  
b a c t e r i o s t a t i c  compounds a r e  in  low q u a n t i t i e s  and n o t d is p e rs e d  
u n ifo rm ly  d u r in g  m ix in g . In  an a t te m p t to  overcome t h i s  p rob lem , 
f la s k s  o f  h ig h  volume were used  t o  mix th e  in g r e d i e n ts  t o  av o id  
f ro th in g  w hich in h i b i t e d  good p l a t ^ g ;  f o r  exam ple, a  one l i t e r  
f la s k  was h e lp f u l  f o r  m ix ing  500 ml o f  medium.
In  ev e ry  ex p e rim e n t c o n t r o l  p la t in g  on Se4 was u sed  even when i t  
was n o t e s s e n t i a l  (C h ap te r 9 ) ,  and e v e ry .t im e  fo u r  r e p l i c a t e s  were 
used . Se4 b ro th  (w ith o u t a g a r)  was u sed  (experim er^t 4 .6  on seed  
tra n sm is s io n )  w ith o u t s u c c e s s .
B e tte r  s e l e c t i v e  m edia may be developed  i f  m u l t ip le  t i t r a t i o n  o f  
a c t iv e  in g r e d i e n ts  w ere t o  be t e s t e d .  A lso , m u tan ts  m igh t be 
produced t h a t  can  grow b e t t e r  on s e l e c t i v e  m edia . (Hsu and D ickey , 
1979b). N e v e r th e le s s , i t  p roved u s e f u l  in  r o u t in e  i s o l a t i o n s  o f 
C. m ich iganense  from  h eav y ly  in f e c te d  t i s s u e s  (p re sen ce  o f  many 
s a p ro p h y te s ) and low in f e c te d  t i s s u e .
2 .7  I s o l a t i o n  and I d e n t i f i c a t i o n  o f  C. m ich iganense
From p la n t s  showing symptoms o f  b a c t e r i a l  c an k e r sm a ll p ie c e s  o f  
d isea sed  t i s s u e  were removed a s e p t i c a l l y .  The t i s s u e  was ta k e n  from 
the  edge o f  a  t y p i c a l  o r  su sp e c te d  le s io n  a t  th e  boundary w ith  th e
J .
■ I, '
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P la te  3.
Comparison between
(A) N u tr ie n t  Agar and
(B) Se4 Agar
fo r  the  s e l e c t i v e  i s o l a t i o n  of  £ .  michiganense
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h e a lth y  t i s s u e  o r  from  th e  v a s c u la r  sy stem , u s u a l ly  a t  th e  r e g io n  
o f a node.
L esions w ere p la c e d  on à  flam ed s l i d e  in  a drop o f  SDW, co v ered  
g e n tly  w ith  a  flam ed c o v e r s l ip  and examined under 40 X o b je c t iv e  
o f th e  phase  m ic ro sco p e . B a c te r ia  were f r e q u e n t ly  seen  s tre a m in g  
from th e  edge o f  th e  t i s s u e .  The le s io n s  were e i t h e r  s u r f a c e  
s t e r i l i z e d  by d ip p in g  them in t o  0 .1 -0 .2%  m ercu ric  c h lo r id e  and 
r in s e d  a f te rw a rd s  w ith  SDW, o r  l e f t  u n t r e a te d .  The l e s i o n s  w ere 
then p la c e d  in  a  l i t t l e  SDW and squeezed  a s e p t i c a l l y .  Sap from  
th e  squashed  t i s s u e  was f i r s t  s t r e a k e d  on NA, NAG. When th e  p re se n c s  
o f  sa p ro p h y te s  was su sp e c te d  th e  sap  was s tre a k e d  o n to  f r e s h  d ry  a g a r  
p la te s  o f  s e l e c t i v e  medium Se4 w ith  a  flam ed w ire  lo o p . S eco n d ly , 
sap from squashed  t i s s u e  was Gram s ta in e d  and exam ined u n d er th e  
m icroscope (G o rlen k o , 1961). T h i rd ly ,  when a v a i l a b l e ,  a s sa y e d  by 
th e  ELISA method (C h ap te r 1 0 .4 ) .
The r e s u l t s  w ere ta k e n  a f t e r  f iv e  d a y s , f iv e  m in u tes  and one day 
r e s p e c t iv e ly .
The i d e n t i f i c a t i o n  o f  £ .  m ich iganense  c o lo n ie s  was done by o b se rv in g  
th e  fo llo w in g  c h a r a c t e r i s t i c s :  sh a p e , s i z e ,  t e x tu r e ,  e l e v a t io n ,
type o f  m a rg in , c o n s is te n c y ,  c o lo u r ,  t ra n s lu c e n c y  o r o p aq u en ess , 
r a te  o f  g row th  and Gram s t a i n in g .  D uring  th e  ex am in a tio n  o f  th e  
s l id e s  n o te s  w ere ta k e n  o f  s i z e ,  shape and a rrangem en t o f  b a c t e r i a l  
c e l l s . The h y p e r s e n s i t iv e  r e a c t io n  (HR) t e s t  was a l s o  c a r r i e d  o u t 
(Chapter 6) by i n f i l t r a t i n g  in t o  to b a cco  le a v e s  b a c t e r i a l  su sp e n sio n  
co n ta in in g  a b o u t 10^ CFU/ml (K lem ent, 1963). O c c a s io n a lly , Sm all 
tomato p la n ts  a t  th e  th r e e  t r u e  l e a f  s ta g e  were In o c u la te d  e i t h e r  by 
a m od ified  method o f  G ro sse , Goodman and S h a f fe r  (1971) by c u t t i n g  
h a l f  l e a f l e t s , o r  by s e v e r in g  p e t i o l e s  w ith  a  p a i r  o f  s c i s s o r s  
p re v io u s ly  d ip p ed  i n t o  a  b a c t e r i a l  su sp e n sio n  a t  a  c o n c e n tr a t io n  o f
1-3 X 10® CFU/ml (P in e , Grogan and H e w itt , 1955; T hÿ r, 1 9 6 8 a).
G en e ra lly , K o ch 's  p o s tu la t e s  w ere fo llo w ed  a s  su g g e s te d  by Dowson 
( 1957), and B arn es  (
-  ■ l :
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CHAPTER 3
SYMPTOMS AND GENERAL CHARACTERISTICS OF C. MICHIGANENSE
3.1  Symptoms
Sm ith (1920) was th e  f i r s t  to  d e s c r ib e  th e  d is e a s e  caused  by.
Ci m ich ig an en se  and he named th e  d is e a s e  b a c t e r i a l  c a n k e r . Bryan 
(1930) made a  v e ry  d e t a i le d  d e s c r ip t io n  o f  th e  symptoms. S ince  
t h a t  tim e  many w orkers have d e s c r ib e d  th e  symptoms (B asu, 1966; 
E r c o la n i ,  1969b; Layne and R a in fo r th ,  1966; Moor, 1947; P enna, 
p e rs o n a l com m unication ; S t r i d e r ,  1969b, who r e f e r s  a l s o  to  
d e s c r ip t io n s  by Jo n e s , 1938 and K o tte ,  1937). A lthough many 
d e s c r ip t io n s  o f  symptoms a re  e s s e n t i a l l y  th e  sam e, some v a r ia t io n  
in  symptoms no d oub t o ccu rs  d u e , in  p a r t ,  t o  c u l t u r a l  and 
en v iro n m e n ta l c o n d i t io n s , h o s t  v a r i e t y  and p la n t  a g e . In  i n i t i a l  
s tu d ie s  th e  symptoms and p ro g re s s  o f  th e  d is e a s e  was fo llo w ed  f o r  
tom ato  p l a n t s  (v a r .  G re n a d ie r)  o f  d i f f e r e n t  a g e s  and s ta g e s  o f  
developm ent and k e p t a t  h ig h  RH fo llo w in g  stem  o r sp ray  in o c u la t io n  
w ith  d i f f e r e n t  i s o l a t e s  o f  £ .  m ic h ig a n e n se .
When th e  p la n t s  a r e  s y s te m ic a l ly  in f e c te d  th e  f i r s t  n o t ic e a b le  
symptom i s  downward c u r l i n g  o f  th e  low er le a v e s .  W iltin g  i s  v e ry  
s l i g h t  in  th e  b e g in n in g , o c c u r r in g  o n ly  in  one o r  two l e a f l e t s .
The l e a f l e t s  u s u a l ly  c u r l  upw ards. Q u ite  common and c h a r a c t e r i s t i c , 
and th u s  à  d ia g n o s t ic  f e a tu r e  o f  th e  d i s e a s e ,  i s  th e  i r r e g u l a r  
w i l t in g ;  i . e .  w i l t in g  o f  one s id e  o f  th e  l e a f ,  th e  o p p o s ite  s id e  
rem a in in g  tu r g id  f o r  some tim e ( P la te  4A ). T h is  i r r e g u l a r i t y  may 
be seen  even  in  th e  l e a f l e t s . One s id e  o f  th e  l e a f l e t  w i l t s  and 
d ie  and th e  o th e r  s ta y s , h e a l th y  f o r  some tim e  (P la te  4B ) .  In  b o th  
c a se s  th e  a x i s  o f  th e  l e a f l e t  o r l e a f  tu r n s  tow ards th e  d is e a s e d  
p a r t .  The l a t t e r  o b se rv a tio n  h a s  n o t ,  a s  f a r  a s  i s  known, been 
r e p o r te d  p r e v io u s ly .  S h r iv e l l in g  and brow ning o f  th e  le a v e s  fo llo w . 
(P la te  5A, B ) . The d y ing  o f th e  l e a f l e t s  may som etim es fo llo w  a 
d i f f e r e n t  p a t t e r n . D ark , g reen  t i s s u e  may ap p ea r s t a r t i n g  from  
th e  p e r ip h e ry  c o v e rin g  up to  h a l f  th e  l e a f l e t  (P la te  6A). L a te r >
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Plate 4.
(A and B) C h a r a c t e r i s t i c  symptoms of b a c t e r i a l  
canker o f  tomato:
(A) u n i l a t e r a l  w i l t i n g  of l e a f l e t s  of a l e a f
(B) u n i l a t e r a l  w i l t i n g  in  the  same l e a f l e t  and 
b lo tc h in g
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t h i s  a re a  becomes c h l o r o t i c ,  g ra y -y e llo w  and w i l t s  (P la te  6B).
T h is  i s  more common when th e  p la n t s  a re  su c c u le n t*  Leaves may a l s o  
develop  one o r more brown a r e a s  c h a r a c t e r i s t i c a l l y  on th e  edge o f  
th e  l e a f l e t s .  The e a r l y  s ta g e s  o f  t h i s  symptom a re  y e llo w  a r e a s ,
2-4 mm in  s i z e ,  on th e  edges o f  th e  l e a f l e t .  W ith in  a  s h o r t  p e r io d ,  
perhaps a  day o r tw o, th e  y e llo w  a r e a  e n la rg e s  and th e n  tu r n s  brown. 
The brown dead r e g io n  s t a r t s  on th e  m argin o f  th e  l e a f l e t  and 
p ro g re s s e s  to w ard s  th e  in n e r  edge o f  th e  y e llo w  a r e a .  The f i n a l  
s ta g e  o f  th e  symptom developm ent i s  a  brown a r e a  su rro u n d ed  by a  
yellow  re g io n  ( P la t e s  7A, 4B ). T h is  symptom h a s  a l s o  been d e s c r ib e d  
by Penna (p e r s o n a l  com m unica tion) and S t r i d e r  (1 9 6 9 a ). A lthough 
t h i s  symptom can  be co n fu sed  w ith  p h y s io lo g ic a l  s c o rc h e s  and in f e c t io n  
by C ladosporium  fulvum  i t  i s  d is t in g u is h e d  from  th e s e  in  t h a t  i t  i s  
u s u a l ly  on th e  edge o f  th e  l e a f l e t ,  and by th e  ab sen ce  o f  th e  o l iv e  
g reen  fu n g a l  g row th  on th e  u n d e rs id e  o f  th e  l e a f l e t . I t  seems to  be 
a lo c a l  sy s te m ic  in f e c t io n  from  th e  edges o f  th e  l e a f l e t  r a t h e r  l i k e  
Xanthomonas c a m p e s tr is  in  c a b b a g e . The brow ning u s u a l ly  does n o t  
p ro g r e s s , w hereas^ in  e a r l y  sy s te m ic  i n f e c t i o n , w i l t in g  s t a r t s  from  
th e  p e r ip h e ry ,  b u t i t  d o es  n o t  s to p ,  and a l l  th e  l e a f l e t s  w ith e r  and 
d ie .  The w i l t i n g  u s u a l ly  s ^ /à r ts  from  th e  low er le a v e s  and p ro cee d s  
upwards t i l l  th e  whole p la n t  d i e s . A s tra n g e  f e a tu r e  i s  t h a t  even 
a t  t h i s  s ta g e  o f  i n f e c t i o n ,  l a t e r a l  s h o o ts  d ev e lo p  a t  th e  base  o f  
th e  stem  and rem ain  q u ite ,  h e a l th y  f o r  some tim e (P la te  5A ). F o s te r  
and E chand i (1973) o b served  th e  same f e a tu r e  i n Î Lycopersicum  
h irsu tu m  and Lycopersicum  peruv ianum . O c c â s io n a lly , low er le a v e s  
rem ain h e a l th y  and h ig h e r  le a v e s  show w i l t in g  ( P la te  5 B ). T h is  i s  
a n o th e r  c h a r a c t e r i s t i c  o f  th e  d i s e a s e .  > ?
From l o c a l  i n f e c t io n  on th e  u p p e r s u r fa c e  o f  th e  l e a v e s , r a i s e d  
w hite  s p o ts  Or b l i s t e r s  1-2 mm in  d ia m e te r  can  be s e e n . The young 
le a v e s  a r e  more s u s c e p t ib le  t o  t h i s  k in d  o f  i h f e c t i o o ,  When th e r e  
a re  many s p o ts  th e y  may c o a le s c e  and th e  l e a f l e t s  become n e c r o t ic  
(P la te  8A, B ) . These w h ite  b l i s t e r s  l a t e r  tu rn  brown and som etim es 
th e y  a r e  su rro u n d ed  by a  y e llo w  h a lo  (P la te  7B ). The l a t t e r  - ;
o b se rv a tio n  h a s  n o t  been r e p o r te d  p r e v io u s ly .  The w h ite  b a c t e r i a l  '  
s p o ts  can  be d is t in g u is h e d  from  s p o ts  cau sed  by i n s e c t s  o r  ch em ica ls  
in  t h a t  th e  b a c t e r i a l  s p o ts  a re  n o t  v i s i b l e  on le a v e s  h e ld  up to
-rl f
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P la te  6.
(A and B) Symptoms of  b a c t e r i a l  -canker of tomato.
(A) At f i r s t ,  dark  g reen  t i s s u e  appears ;
(B) T issue  becomes g rey -ye llow  and w i l t s .
S t re a k s  on the  p e t i o l e  can be seen
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Plate 7.
(A and B) Symptoms of  b a c t e r i a l  canker of  tomato.
Leaf b lo tc h e s  w ith  yellow ha lo  u s u a l ly  a t  the  
p e r ip h e ry  of the  l e a f l e t s
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P la te  8.
(A and B) Symptoms of  b a c t e r i a l  canker o f  tomato 
and white  l e a f  s p o ts .  When th e  sp o ts  a re  many they  
c o a le sce  and the co ty ledons  and t r u e  l e a f l e t s  become 
n e c r o t i c .
(C) Control
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th e  l i g h t .  U su a lly , th e s e  s p o ts  a r e  n o t  observ ed  on th e  low er 
ep id e rm is  because  th e y  a r e  s u p e r f i c i a l  and o f  a  p a le r  c o lo u r  th a n  
th e  low er e p id e rm is . P ho tog raphs ta k e n  w ith  th e  Scanning  E le c tro n  
M icroscope (SEM) showed th a t  th e  low er e p id e rm is  can be in f e c te d  
(C hap ter 8 ) .  T h is  e x t e r io r  i n f e c t io n  can rem ain  s u p e r f i c i a l  b u t 
o c c a s io n a l ly  can re a c h  th e  v a s c u la r  sy s tem . The s y s te m ic a lly  
in f e c te d  le a v e s ,  even when w ith e re d  and d ead , do n o t r e a d i ly  
d e ta c h  from  t h e i r  p e t i o l e s  which rem ain  tu r g id  f o r  a c o n s id e ra b le  
tim e ( P la te  5A). T h is  symptom h e lp s  t o  d i f f e r e n t i a t e  th e  d is e a s e  
from Fusarium  and V e r t ic i l l iu m  i n f e c t i o n s .  In  p la n ts  in f e c te d  
s u p e r f i c i a l l y ,  r a i s e d  w h ite ,  cream , brown m ealy a r e a s ,  which a re  
d ry  and rough  to  th e  to u c h , can be seen  on th e  stem  (P la te  IOC), 
p e t i o l e  and p e d u n c le .
C h a r a c te r i s t i c  " b i r d 's  ey e” s p o t t i n g  o ccu r on th e  s u r fa c e  o f  th e  
f r u i t s , e s p e c i a l l y  on sm a ll g re e n  f r u i t s . R a ise d  w h ite  s p o ts ,  2 -3  mm 
in  d ia m e te r , ap p ea r o f  w hich th e  c e n t r e  becomes d a rk  and i s  su rrounded  
by a  w h ite  h a lo  ( P la te  9C ). They a r e  s m a lle r  th a n  th e  s p o ts  caused  
by B o t r y t i s  and come from  lo c a l  i n f e c t i o n s . When th e  f r u i t s  a r e  
s y s te m ic a l ly  in f e c te d ,  y e llo w  d is c o lo u r a t io n  o f  th e  v a s c u la r  s t r a n d s  
and c a v i t i e s  can be seen  i n t e r n a l l y  ( P la te  9A ), and th e y  som etim es 
have a  g e n e ra l  m o ttle d  e x te r n a l  a p p ea ran ce  w ith  a  d i s to r t e d  shape 
( P la te  9B) .  C ankers a r e  commonly s e e n ' even u n d er g la ssh o u se  c o n d i t io n s . 
They f i r s t  a p p ea r a s  e lo n g a te d  y e llo w , tu r n in g  brown l a t e r ,  s t r i p e s  on 
d is e a s e d  stem s and a lo n g  b o th  s id e s  o f  th e  p e t i o l e  (P la te  lOA).
L a te r , s p l i t s  o ccu r a lo n g  th e s e  s t r i p e s  producim g c a n k e r . C ankers 
a re  p roduced  a lo n g  th e  m id rib  and even a lo n g  th e  secondary  v e in s  o f  
th e  l e a f l e t s . At t h i s  s ta g e  th e  p i t h  s p l i t s  r e a d i ly  from  th e  xylem 
and yellow -brow n m ea ly -lo o k in g  a r e a s  a p p e a r in  p i t h  and c o r t e x , and 
c a v i t i e s  a r e  p roduced  ( P la te  10B). P h o to g rap h s ta k e n  w ith  SEM 
(P la te  11, C hap ter 8) show d e g ra d a tio n  o f  in f e c te d  v a s c u la r  t i s s u e , 
p o s s ib ly  due to  enzymes a s  W a llis  (1977) s u g g e s te d . At t h i s  s ta g e  
o f  i n f e c t io n  a  lo n g i tu d in a l  s e c t io n  o f  th e  ju n c t io n  o f  p e t io le  and 
stem  r e v e a l s  yellow -brow n d o ts  a r ra n g e d  in  a  "h o rse -sh o e "  shape 
w ith  c a v i t i e s  b e n e a th  i t  (P la te  10C) .  A y e l lo w is h  sap  : f u l l  o f  - V;
b a c t e r ia  can  be squeezed  o u t from  th e s e  e a r l y  s t r i p e s .  U n like  , V  x
i n f e c t io n s  caused  by Fusarium  and V e r t i c i l l i u m  th e r e  i s  l i t t l e  - '
v i s i b l e  d is c o lo u r a t io n  in  r o o t s  and no f o l i a g e  c h lo r o s i s .
S h ' . -  ,, " 4  .  t  ' . .  .  ;  - ■  , == - '1 = 7 ,  7- -• c V T
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P la te  9.
(A, B and C) Symptoms of b a c t e r i a l  canker of  tomato. 
Symptoms on tomato f r u i t s .
(A) Yellow v a s c u la r  s t r a n d s  in  s y s te m ic a l ly  in f e c te d  
f r u i t  ;
(B) M ottled  and d i s t o r t e d  appearance of s y s te m ic a l ly  
i n f e c te d  f r u i t ;
(C) S u p e r f i c i a l  s p o t t in g  on the  su rfa c e  of  the  f r u i t  
{B ird ’ s e y e ) .
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Plate 10.
(A, B and C) Symptoms o f  b a c t e r i a l  canker of  tomato.
(A) Yellow s t r i p e s  and cankers  on the  stem and p e t i o l e ;
(B) Yellow brown m ea ly -look ing  a re a s  in  p i t h  and 
c o r t e x .  C a v i t i e s  in  the  p i th ;
(C) N ecro tic  v a s c u la r  t i s s u e  a t  the  ju n c t io n  of p e t io le  
and stem (Horse s h o e ) .  Brown m ealy-looking  a rea
on the  stem (a rrow ).
%1
P la te  11. (A and B) Symptoms of  b a c t e r i a l  canker of tomato.
(A) D egradation of in fe c te d  v a s c u la r  t i s s u e  -  xylem. 
(SEM X 12,697);
(B) C ontro l  (SEM x 4,790)
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In  th e  d is e a s e d  stem s a d v e n t i t io u s  r o o ts  som etim es dev e lo p  b u t t h i s  
i s  n o t  a s  c h a r a c t e r i s t i c  a s  su g g e s te d  by S t r i d e r  (1969b) s in c e  the. 
same was found to  happen in  h e a l th y  p la n ts  f o r  p h y s io lo g ic a l  r e a s o n s .
As f a r  a s  c o u ld  be a s c e r ta in e d  by o b s e rv a tio n s  o f  th e  v a r io u s  
£ .  m ich ig an en se  i s o l a t e s  used  th ro u g h o u t t h i s  s tu d y  th e r e  were no 
m ajor d i f f e r e n c e s  in  symptoms c h a r a c t e r i s t i c  betw een i s o l a t e s .
3 .2  M orphology and P h y sio lo g y  : o f  C. m ich iganense
3 .2 .1  I n t r o d u c t io n
The members o f  genus C orynebacterium  a r e  c h a r a c t e r i s t i c a l l y  
p le o m o rp h ic , c e l l  chape v a ry in g  from c o cc o id  to  i r r e g u l a r l y  c lu b  
o r  w edge-shaped and o c c a s io n a l ly  even branched  ro d s .
A second c h a r a c t e r i s t i c  i s  th e  "sn ap p in g  d iv i s io n "  where a d ja c e n t  
c e l l s  l i e  a t  an  a n g le  form ing  V, L o r  N shaped fo rm s.
A lthough B is s e t  (1949) i s  n o t  co n v inced  ab o u t th e  v a lu e s  o f  th e  
l a t t e r  c h a r a c t e r s ,  f o r  th e y  ap p e a r to  him a s  a r t i f a c t s  a r i s i n g  o u t 
o f  th e  p ro c e d u re s  em ployed, Jen sen  (1952) rem arks t h a t  th e  "sn ap p in g  
d iv i s io n "  i s  a  " c o n s ta n t  f e a tu r e  f o r  th e  whole g ro u p " . H ew itt (1951) 
s u b s t a n t i a t e d ,  in  th e  c o u rse  o f  h i s  o b s e rv a tio n s  o f  l i v in g  c e l l s  
w ith  th e  p h ase  m ic ro sco p e , t h a t  th e y  a r e  p le o m o rp h ic .
Gram s t a i n in g  i s  p o s i t i v e ,  and m ost o f  them a re  n o n -m o tile  b u t 
c h a r a c t e r i s t i c s  o f  grow th  in  c u l tu r e  v a ry .
The C orynebac t e r  i a  a re  a e ro b ic  and c a t a la s e  p o s i t i v e .  Carbon 
m etabo lism  o f  m ost s p e c ie s  i s  c o n fin e d  to  u t i l i s a t i o n  o f  g lu c o se  
and m a lto s e , and t h e i r  n i t r o g e n  re q u ire m e n ts  form  a  wide spec trum . 
( J e n s e n , 1952 ; Ram am urthi,1 9 5 9 ). _
L e l l i o t t  (1966) p u t th e  C. m ich iganense  in  th e  f i r s t  o f  th e  two
groups o f  p l a n t  p a th o g e n ic  C b ry n e b a c te r ia  w hich c o n s i s t  o f1 - V, . .■ t  ------ :— r -  ■ .V r . ..r- i t - :  i_  o  ,Vlw
Corynebac t e r  ia . t h a t  a r e  s lo w -g ro w in g , n o n -m o tilo , d o /h p t u t i l i s e , 
s a l i c i n  and w i l l  n o t  grow above 35 * ■
■; i- :■
%
/ ' ■ f  ■•■.’T j
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P la n t  p a th o g e n ic  C o ry n e b a c te r ia  a r e  su b -d iv id e d  in to  f iv e  g ro u p s  
(B ergey, 1974). £ .  m ich ig an en se  i s  p la c e d  in  th e  f o u r th  g roup  w ith
£ .  in s id io su m  b ecau se  th e  AB s e ro ty p e s  o f  bo th  a r e  i d e n t i c a l  in  
a g g lu tin o g e n  com plem ent (R o se n th a l and Cox, 1953). More r e c e n t ly .  
Dye and Kemp (1977) p ro p o sed  th e  r e - c l a s s i f i c a t i o n  o f  Corynebac t e r i a  
i n to  fo u r  in s te a d  o f  13 s p e c ie s  and named £ .  m ich iganense a s  
£ .  m ich iganense  p a th o v a r  m ic h ig a n e n se .
The t e s t s  c a r r i e d  o u t on th e  v a r io u s  sam ples o f  C_j_ m ich iganense  
u sed  in  th e  s tu d ie s  d e s c r ib e d  in  t h i s  t h e s i s  a re  o u t l in e d  below .
3 .2 .2  M a te r ia l  and M ethods 
I s o l a t i o n :
A ll th e  n in e  s to c k  c u l t u r e s ,  a s  w e ll  a s  f r e s h  r e - i s o l a t i o n s  o f  th e  
p a th o g e n ic  i s o l a t i o n s  o f  £ .  m ich iganense  m entioned in  Appendix B, 
were u se d . O ther b a c t e r i a  w ere u sed  a s  c o n t ro l s  a s  in d i c a te d .
M edia:
The fo llo w in g  m edia w ere u sed : NB, NA, NAG, NAS, PDA, S e4 .
B a c te r ia l  su sp e n s io n s  w ere p re p a re d  a s  d e sc r ib e d  in  C hap ter 2 .
C e ll  m orphology:
The b a c t e r ia  w ere o b se rv ed  u n d er a  G i l l e t t  and S ib e r t  Phase M icroscope 
a s  l i v in g  c e l l s  o r s t a i n e d . S cann ing  e le c t r o n  m icroscopy (SEM) and 
tra n s m is s io n  e l e c t r o n  m icroscopy  (TEM) were a l s o  used  and p h o to g rap h s  
were ta k e n . M ethods f o r  SEM and TEM a re  d e sc r ib e d  in  C h a p te rs  7
and 8 .  - " . -   ^  ^ -
C apsu les w ere d i f f e r e n t i a t e d . w ith  th e  a id  o f  two d i f f e r e n t  back­
ground, s t a i n s :  0.5% _aqueous s a f r a n in  ancl h a l f  s a tu r a te d  n ig r o s ^ e ,
The c o n t r o l  was K lè b s ie l ia i  ae ro g en es,. ^
-  .   ^ a  ' . L  ; 7-
M o ti l i ty  was exam ined w ith  th e  a id  o f  th e  phase-m icroscope and  tl?e 
h an g in g -d ro p  m ethod . C o h tro l : P ro te u s  v u lg a r i s .  (S iro c k in  and".
fcu llim o re , 1969). , \  . _ ' : - v
fa
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R eac tio n  to  s t a i n s
Gram r e a c t io n  was a s c e r t a in e d  w ith  J e n s e n 's  m o d if ic a tio n  
(C ru ick sh an k , 1965). W ashing o f f  th e  c r y s t a l  v i o l e t  w ith  w a te r 
b e fo re  a p p ly in g  th e  L u g o l 's  io d in e  was h e lp f u l  because i t  p re v e n ts  
th e  fo rm a tio n  o f  c r y s t a l s  on th e  s l i d e  sm ears t h a t  l a t e r  d is s o lv e  
in  th e  im m ersion o i l  and make m essy p r e p a r a t io n s .  C o n tro l:
P . p h a s e o l i c o la .
Acid f a s tn e s s
The Z ie h h l-N e e ls o n 's  m o d if ic a t io n  method was employed (S iro c k in  
and C u llim o re , 1969). C o n tro l :  M ycobacterium  p h l e i .
P h y s io lo g ic a l  D ata 
T em perature :
The maximum te m p e ra tu re  f o r  g row th  was s tu d ie d  by m a in ta in in g  f r e s h  
su b c u ltu re d  NAG s lo p e s  in  two th e r m o s ta t i c a l ly  c o n t ro l le d  w a te r 
b a th s  a t  tempe] 
fo r  fo u r  d ay s .
p e ra tu re s  ra n g in g  from. 31° C to  37° C a t  2° C i n t e r v a l s
Thermal d e a th  p o in t :
T h is  was d e te rm in ed  a s  above b u t in  t h i s  c a s e ,  NB c u l tu r e s  were k e p t 
f o r  te n  m inu tes a t  te m p e ra tu re s  ra n g in g  from  50 -  56° C a t  2 °  C 
i n t e r v a l s . A f te r  t r e a tm e n t th e  tu b e s  were co o led  and in c u b a te d  a t  
26° C f o r  fo u r  d ay s .
Oxygen r e l a t i o n :
The e f f e c t  o f  f r e e  oxygen was d e te rm in e d  in  a g a r  deep tu b e s .  
U t i l i s a t i o n  o f  c a rb o h y d ra te s :
The u t i l i s a t i o n  o f  g lu c o se  and s u c ro s e  was d e te rm in ed  u s in g  th e  
Hayward' s  (1964) m o d if ic a t io n  o f  th e  Hugh and Leif s o n  t e s t .  The 
c a rb o h y d ra te s  we^e added a t  a  f i n a l  c o n c e n tra t io n  o f  1%.
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S ta rc h  h y d r o ly s i s ;
NA w ith  0.4% s ta r c h  p l a t e s  were u se d . A f te r  f iv e  days th e  p la te s  
w ere f lo o d e d  w ith  L u g o l 's  io d in e .  Only i s o l a t i o n s  G1 and J1 were 
u se d . C o n tro ls :  P o s i t iv e  B a c c ilu s  s u f a t i l i s . N egative  E s c h e r ic h ia
c o l i .
M ethyl Red (MR) and V oges-P roscauer (V-P) t e s t
For b o th  t e s t s  g lu e o se -p h o sp h a te s  b ro th  medium was u sed . For V-P 
r e a c t io n  B a r r i t t ' s  method was used  (Cowan and S te e l ,  1965).
C o n tro ls  f o r  MR : P o s i t iv e  -  E s c h e r ic h ia  c o l i
N egative  -  A. ae ro g e n es
C o n tro ls  f o r  VrpP: P o s i t iv e  -  a e ro g e n e s
N ega tiv e  -  E s c h e r ic h ia  c o l i
In d o le  t e s t :
T ryp tone  b ro th  1% in  H^O and Kovacs r e a g e n t  were u s e d .
C o n tro ls  : P o s i t iv e  -  E s c h e r ic h ia  c o l i
N egative  -  E n te ro b a c te r  c lo c a e
G e la t in  L iq u e fa c t io n  was t e s t e d  in  4% g e l a t i n  in  NB.
C o n tro ls :  P o s i t iv e  -  K le b s ie l la  ae ro g e n e s
N ega tiv e  -  E s c h e r ic h ia  c o l i
A c tio n  On L itm us m ilk  was d e te rm in ed  by grow ing th e  b a c te r ia  on 
L itm us m ilk . .
C o n tro l :  N egative  -  P ro te u s  v u lg a r i s
Hydrogen s u lp h id e  p ro d u c tio n  _
The second method o f  Cowan and S t e e l  (1965) was u se d .
Control-.^ P o s i t iv e  -  f r o te u s  vi^^lgaris
■ -  . 7 ' ■■
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R eduction  o f  n i t r a t e s :
The method o f  S iro c k in  and C u llim o re  (1969) was fo llo w e d .
C o n tro l : P o s i t i v e  -  Pseudomonas a e ru g in o sa
O xidase r e a c t i o n ;
The o x id a se  t e s t  o f  Kovacs (1956) was u se d .
C o n tro l: P o s i t i v e  -  P . a e ru g in o sa
C a ta la se  a c t i v i t y :
T h is  was t e s t e d  by f lo o d in g  f iv e - d a y s  o ld  c u l tu r e s  w ith  2.5%
HgOg and o b s e rv in g  th e  e v o lu tio n  o f  oxygen.
C o n tro l: N e g a tiv e  -  S tre p to c o c c u s  f a e c a l i s
3 .2 .3  R e s u l t s
C e ll  m orpho logy : As w ith  o th e r  members o f  t h i s  g en u s .
C. m ich ig an en se  i s  d e sc r ib e d  a s  c h a r a c t e r i s t i c a l l y  p le o m o rp h ic . 
M icro sco p ic  ex aùg ina tions o f  c u l tu r e s  showed t h a t  b a c t e r i a l  c e l l  
shape v a r i e s  from  a lm o s t co cc o id  to  e lo n g a te d  ro d s .  When e x a m in a tio n s  
were made from  f r e s h  i s o l a t i o n s ,  c e l l s  appeared  ro d -sh a p e d  w ith  
s l i g h t l y  rounded  o r  sw o llen  e n d s , o c c u r r in g  s in g ly  b u t a l s o  in  p a i r s .  
C e l ls  a d h e re n t  i.to one a n o th e r  r e g u la r ly  e x h ib i t  V o r  L -shaped  
a rran g em en ts  and sometimes p a l is a d e  (P la te  12A, B, C ) . C e l l  s i z e  was 
found to  be 0 .6 - 0 .8  x  0 .8 -1 .4  u .  No sp o re s  were o b served  and no 
d e f i n i t e  c a p s u le  c o u ld  be d e te c te d  compared w ith  th e  c o n t r o l  
K le b s ie l la  a e ro g e n e s .
M o t i l i ty  was n o t  o b served  w ith  th e  phase m ic ro sco p e . F la g e l l a  co u ld  
n o t be d e te c te d  even u s in g  SEM and TEM. -  . \
G rowth:
On NA, g row th  i s  r e l a t i v e l y  slow ; f l u i d  and s lim e  f lo w  down t o  th e
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P la te  12. (A, B and C) Microphotographs of £ .  m ichiganense c e l l s
(A) SEM X 10,086;
(B) TEM n e g a t iv e ly  s ta in e d  x 4,550;
(C) TEM X 7 3 , i
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bottom  o f  th e  s l a n t .  A f te r  th r e e  days th e  c o lo n ie s  a re  1 mm in  
d ia m e te r , v e ry  p a le  y e llo w , s l i g h t l y  convex, g l i s t e n in g  w ith  e n t i r e  
m a rg in s , opaque and o f  f l u i d  c o n s is te n c y .  In  12 days c o lo n ie s  may 
become 6 mm in  d ia m e te r  and v i s c i d  w ith  a d eep e r ye llow  c o lo u r .
On NAG th e  g row th  i s  more r a p id  and th e  c o lo n ie s  more convex and 
more f l u i d  th a n  on NA. The c o lo u r  i s  c ream y -w h ite .
On PDA (com m ercial o xo id ) th e  pH h as  to  be a d ju s te d  to  a t  l e a s t  6 .2  
to  prom ote grow th  and th e n  th e  g row th  i s  r e s t r i c t e d .  The c o lo u r  i s  
c ream y -w h ite . On NAS and YDC th e  grow th i s  s a t i s f a c to r y  and th e  
c o lo u r  deep y e llo w .
On Se4 c o lo n ie s  a r e  convex and p a le  y e llo w , b u t th e  grow th i s  v e ry  
s low , 8 -12  days b e in g  needed  t o  o b ta in  v i s i b l e  c o lo n ie s .  In  unshaken 
NB th e  b ro th  rem a in s  r e l a t i v e l y  c l e a r  and th e  b a c t e r i a l  grow th 
s e t t l e s  down. Shaken NB c u l t u r e s  become cloudy  on th e  second d ay .
R eac tio n  to  s t a i n s :
G ram 's s t a i n in g  proved p o s i t i v e  a l th o u g h  some c e l l s ,  u s u a l ly  from  o ld  
c u l tu r e s ,  were s ta in e d  n e g a t iv e ly .
Acid f a s t n e s s : N e g a tiv e .
The Maximum te m p e ra tu re  f o r  grow th  Was 31° C f o r  s t r a i n  S t i  and 33° C 
f o r  th e  o th e r  s t r a i n s .
Therm al d e a th  p o in t  was found to  be 54° C.
Oxygen r e l a t i o n :
Growth was a e ro b ic  and in  a g a r  deeps o ccu rred  to  a  d ep th  o f  ab o u t 
2 mm.
U t i l i s a t i o n  o f  c a rb o h y d ra te s :
G lpcose and su c ro se  w ere u t i l i s e d  tu rn in g  th e  medium y ellow  (a c id  
r a a c t i o n j , r : ' _ .'T ' ^
L I
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The s ta r c h  h y d r o ly s is ,  MR and V-P t e s t s ,  to g e th e r  w ith  th e  In d o le  
t e s t  a l l  proved n e g a t iv e .
G e la t in  l i q u e f a c t io n  was v e ry  slow  and v e ry  l i t t l e  o ccu rred  f o r  up 
to  30 d ay s .
A ction  on l i tm u s  m i lk :
M ilk was c o a g u la te d  and th e  in d i c a to r  was red u ce d .
Hydrogen s u lp h id e  p ro d u c tio n  p roved  n e g a t iv e .
No r e d u c t io n  o f  n i t r a t e s  o c c u r re d .
O xidase r e a c t io n  p roved  n e g a t iv e .
C a ta la s e  a c t i v i t y  was found to  be p o s i t i v e .
3 .2 .4  D isc u ss io n
The s t r a i n s  u sed  showed l i t t l e  v a r i a t i o n  in  m orphology and p h y sio lo g y . 
The r e s u l t s  o f  th e  p h y s io lo g y  t e s t s  a g re e  w ith  th o s e  g iv en  p re v io u s ly  
f o r  C. m ich iganense (B ryan , 1930;. Dye and Kemp, 1977; Wakimoto, 
Uematsu and.M ucoo, 1968). S ta r c h ,  how ever, was n o t  h y d ro ly sed  and 
c a p s u le s  were n o t  a s  d e f i n i t e  a s  th o s e  d e s c r ib e d  by some o f  th e  above 
w o rk e rs , a lth o u g h  th e y  do a g re e  w ith  th e  o b s e rv a tio n s  o f  Ramamurthi 
(1 9 5 9 ). Maybe th e  c o n t r a d ic t io n s  come ab o u t because o f  d i f f e r e n t  
s t r a i n s ,  d i f f e r e n t  m ethods o r even  d i f f e r e n t  i n t e r p r e t a t i o n  o f  th e  
o b s e rv a t io n s .
h-
On th e  o th e r  h and , TEM p h o to g rap h s  (C h ap te r 8) show a  c l e a r  zone 
around th e  b a c t e r i a l  c e l l s  t h a t  may be due to  "p o ly sa c c h a r id e  
c a p s u le s "  (E l-B anoby and R udolph , 1979a, 1979b; S ch m it, 1978). 
G e n e ra l ly ,  £ .  m ich iganense  i s  m o rp h o lo g ic a lly  and p h y s io lo g ic a l ly  
l i k e  m ost o th e r  C o ry n e b a c te r ia . From th e  t e s t s  and o b s e rv a tio n s  
c a r r i e d  p u t  h e re  i t  i s  n o t  p o s s ib le  t o  make any c o n c lu s io n ^
d i f f e r e n c e s  betw een th e  n in e  i s o l a t e s  in  te rm s o f  m orphology and 
p h y s io lo g y .
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CHAPTER 4
SURVIVAL AND DISSEMINATION OF C. MICHIGANENSE
4.1  In t ro d u c t io n
As w ith  any o th e r  p la n t  p a thogens £ .  m ich iganense  "needs"  to  s u rv iv e  
and be d is se m in a te d  o r th e  d is e a s e  i t  c a u s e s ,  b a c t e r i a l  c a n k e r  o f  
om ato, would have v an ish ed  lo n g  ag o .
W idespread d i s p e r s a l  o f  £ .  m ich iganense  comes ab o u t th ro u g h  in f e c te d  
o r co n tam in a ted  seed s . The main so u rc e s  o f  inoculum  w ith in  tom ato  
c ro p s  a r e  i s o la te d  d is e a s e d  s e e d l in g s .  B a c te r ia  a re  d is se m in a te d  
from in f e c te d  le a v e s  o r le a v e s  w ith  a  r e s id e n t  phase o f  
£ .  m ich iganense  o r open c a n k e rs . O ther so u rc e s  o f  in o c u la  can be 
d e b r is  from  in f e c te d  to m a to es , w a te r  s to ra g e  ta n k s  o r w a te r p ip e s ,  
co n tam in a ted  t o o l s ,  s ta k e s  and g la ssh o u se  b en ch es, e t c .
D isse m in a tio n  can  be d i r e c t  a s  w ith  seed s  o r i n d i r e c t ,  f o r  exam ple, 
by human a c t i v i t y ,  th ro u g h  w a te r ,  wind and a n im a ls . F i r s t l y ,  human 
b e in g s  can  c a r r y  th e  inoculum  on sh o es  o r c lo th e s .  The inoculum  
may sp re a d  th ro u g h  com post made w ith  d e b r is  o r d u rin g  t r a n s p l a n ta t io n  
o f  s e e d l in g s ,  ty in g  o f  p l a n t s ,  h a rv e s t in g  f r u i t s  o r p ru n in g  i f  . 
co n tam in a ted  hands o r to o l s  a re  u se d . Man can a l s o  be r e s p o n s ib le  
f o r  lo n g  d is ta n c e  d is s e m in a tio n  in  com m ercial exchanges o f  f r u i t s  o r 
se e d s  when e i t h e r  th e s e  a re  in f e c te d  o r th e  means o f  p ack in g  th e s e  
p ro d u c ts  a r e  co n tam in a ted  o r c o n ta in  in f e s t e d  p a r t i c l e s  o f  s o i l  o r 
rem nan ts  o f  in f e c te d  tom ato  c ro p s .
S eco n d ly , d i s p e r s a l  o f  th e  pathogen  may be by w a te r a s  r a i n  o r  dew, 
i r r i g a t i o n  w a te r  o r w a te r used  f o r  s p ra y in g . The w a te r  d is p e r s e s  
th e  inoculum  on p la n t  s u r f a c e s  a s  su sp e n sio n  to  th e  p o in ts  o f  e n tra n c e  
i n t o  th e  p l a n t .
T h i rd ly ,  wind may i n d i r e c t l y  sp re a d  th e  pathogen  by d is p e r s in g  d rop­
l e t s  o f  b a c t e r i a l  su sp e n sio n  o r  i n f e c t i v e  p a r t i c l e s  ( a e r o s p l s ) .
80
F in a l ly ,  a n im a ls  such  a s  i n s e c t s  and b i r d s ,  can d is s e m in a te  
£ .  m ic h ig a n e n se .
In  t h i s  t h e s i s  scrae a s p e c ts  o f  s u r v iv a l  and d is s e m in a tio n  have been 
s tu d ie d  in c lu d in g  d is s e m in a tio n  th ro u g h  d e b r is ,  s e e d s , i n s e c t s ,  by 
p ru n in g  w ith  a  c o n ta m in a te d  k n i f e ,  and by ru b b in g  h e a l th y  le a v e s  
w ith  co n ta m in a te d  h a n d s . E xperim en ts  were a l s o  u n d e rta k e n  on 
s u r v iv a l  on le a v e s  and in  w a te r (SDW).
These s tu d ie s  a r e  l i k e l y  to  be o f  im portance  in  u n d e rs ta n d in g  th e  
in c id e n c e  o f  b a c t e r i a l  c a n k e r in  com m ercia lly  grown g la ssh o u s e  
to m a to es . Any know ledge on d is s e m in a tio n  and s u r v iv a l  o f 
£ .  m ich ig an en se  may w e ll  le a d  to  im proved c o n t ro l  o f  th e  d i s e a s e .
4 .2  D is se m in a tio n  by Hand
Hands were co n ta m in a te d  by ru b b in g  th e  w h ite  s p o ts  on l e a f l e t s  o f  
in f e c te d  to m a to e s . Ten h e a l th y  tom ato  l e a f l e t s  w ere th e n  rubbed  
w ith  th e  c o n ta m in a te d  h an d s . A t o t a l  o f  100 l e a f l e t s  from  te n  
tom ato  p la n ts  a t . th e  4 -5  t r u e - l e a f  s ta g e  were in o c u la te d  in  t h i s  
way. Ten l e a f l e t s  w ere rubbed  in  a  s im i la r  way w ith  s t e r i l i s e d  
h a n d s .
The p l a n t s , a f t e r  r u b b in g , were p la c e d  in  th e  hum id ity  cage w here 
th e  RH was h ig h e r  th a n  90%. The te m p e ra tu re  in  th e  p l a s t i c  cage 
was 17-26° C. A f te r  te n  d ay s , 78 l e a f l e t s  e x h ib ite d  from  .1-10 
w h ite  s p o t s . Some o f  th e  c o n t r o l  l e a f l e t s  showed s p o ts  t h a t  w ere 
s im i la r  t o  in f e c te d  o n e s . I s o l a t i o n  f o r  G. m ich iganense from  
in o c u la te d  l e a f l e t s  a l l  p roved  p o s i t i v e ;  none o f  th e  c o n t r o l s  was 
p o s i t i v e .
Ark (1944) r e p o r te d  t h a t  h a n d lin g  young p la n ts  w ith  co n tam in a ted  
hands d u r in g  t r a h s p l a n t in g  cau sed  in f e c t io n  o f  h e a l th y  s e e d l in g s .  
McKeen (1973) r e p o r te d  s im i la r  r e s u l t s  and Thomas (1 9 3 0 ), c i t e d  in  
S t r i d e r  (1969b) showed t h a t  d is s e m in a tio n  o ccu rred  w ith  cb h tam in à ted  
hands a f t e r  p in c h in g  o u t o f  h e a l th y  p l a n t s . The in c id e n c e  o f  s p o t 
symptoms on c o n t r o l  p la n t s  s u g g e s ts  t h a t  such symptoms may be due to
' i
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m echan ica l l e a f  damage and n o t  r e s u l t i n g  from th e  pa thogen . Some 
c a re  m ust th e r e f o r e  be e x e rc is e d  in  a s s e s s in g  d is e a s e  by th e se  
w h ite  s p o t symptoms.
4 .3  D isse m in a tio n  by C on tam inated  K nife
Ten tom ato  p la n ts  ( v a r ie ty  G re n a d ie r)  a t  th e  8 -9  t r u e - l e a f  s ta g e  were 
u se d . A s y s te m ic a l ly  d is e a s e d  p l a n t  was c u t  so  t h a t  th e  whole k n if e  
b lad e  was exposed to  d is e a s e d  t i s s u e  (A rk, 1944). U sing t h i s  
co n tam in a ted  k n i f e ,  th e  p la n ts  w ere in ju r e d  by c u t t in g  th e  t h i r d  
t r u e  l e a f  p e t io l e  a t  th e  p o in t  o f  a tta c h m e n t to  th e  s tem , th u s  
s im u la tin g  com m ercial p r a c t i c e .
The p la n ts  were th e n  p la c e d  in  th e  p l a s t i c  cage where th e  RH was 
h ig h e r  th a n  90% and th e  te m p e ra tu re  17 -  27° C. A f te r  28 d ay s , 
a l l  th e  p la n t s  showed can k e r a t  th e  p o in ts  o f  in ju r y  and w i l t in g  
l e a f l e t s .  The ex p erim en t was r e p e a te d  keep ing  th e  p la n ts  in  50-80%
RH w ith  s im i la r  r e s u l t s .
The r e s u l t s  a g re e  w ith  th o s e  o f  Ark (1 9 4 4 ). F a r le y  and M il le r  (1973) 
re p o r te d  d is s e m in a tio n  o f  £ .  m ich ig an en se  in  tom ato  t r a n s p l a n ts  
d u r in g  c l ip p in g  w ith  a  co n ta m in a te d  b la d e .
The r e s u l t s  o f  ex p erim en ts  4 .2  and 4 .3  co n firm  t h a t  d is s e m in a tio n  o f  
£ .  m ich iganense  may come a b o u t by  com m ercial p r a c t i c e .  The f a c t  
t h a t  a l l  th e  p la n ts  became in f e c te d  shows th e  e f f i c i e n c y  o f  t h i s  
ty p e  o f  tr a n s m is s io n
4 .4  D isse m in a tio n  by I n f e c te d  D e b ris
The com post from  te n  4" wide p o ts  was mixed w ith  sm a ll p iè c e s , c a .
1 cm lo n g , o f  d e b r is  o f  in f e c te d  tom ato  stem s and p e t i o l e s .  Ten 
tom ato  s e e d l in g s  ( v a r ie ty  G re n a d ie r)  a t  4 -5  t r u e - l e a f  s ta g e  were 
t r a n s p la n te d  im m ediate ly  in t o  t h i s  coiqpost. The p o ts  were p la c e d  
on th e  benches o f  th e  g la s s h o u s e  and were w atered  e v e ry  day . The 
te m p e ra tu re  was 17-29° C and th e  RH 5 0 -
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A fte r  one m onth, n in e  o u t o f  te n  tom ato  p la n ts  had symptoms o f 
s tu n t in g  and w i l t in g .
In  a n o th e r  e x p e rim e n t, th e  in f e c te d  d e b r is  was sp re a d  around 20 
tom ato  p la n t s  a t  th e  same grow th  s ta g e  a s  in  th e  p re v io u s  one.
Ten p o ts  were p la ced  in  b ig  t r a y s  and were s u b i r r ig a t e d ;  te n  
o th e rs  w ere w atered  by p o u rin g  w a te r  on to  th e  p o ts .  A f te r  one
m onth, fo u r  o u t o f  te n  tom ato  p l a n t s  which had been w atered  by
p o u rin g  w a te r  around th e  p l a n t s ,  showed symptoms o f  w i l t in g .
No symptoms ap p ea red  on tom ato  p l a n t s  t h a t  were s u b i r r ig a t e d .  The 
r e s u l t s  co n firm  t h a t  in f e c te d  d e b r i s  i s  one o f  th e  m ost s e r io u s  ways 
o f d is s e m in a tio n  o f  £ .  m ich ig an en se  and ag ree  w ith  th e  r e s u l t s  o f  
Bryan (1 9 3 0 ), Grogan and K endrick  (1 9 5 3 ), S t r id e r  (1967) and 
E chandi (1 9 7 1 ). These r e s u l t s  a l s o  show t h a t  d e b r is  mixed in  th e  
s o i l ,  and th e r e f o r e  in  c lo s e  c o n ta c t  w ith  th e  tom ato  r o o t s ,  i s  more
in f e c t iv e  th a n  t h a t  on th e  s o i l  s u r f a c e .  Only when s u r fa c e  d e b r is  /
i s  washed i s  i t  i n f e c t i v e .  P o s s ib ly  some w ashing o f  £ .  m ich iganense  
inoculum  may have ta k en  p la c e  w ith  s u b i r r ig a t io n  a l s o ,  b u t th e  inoculum  
was p ro b a b ly  to o  d i l u t e  a n d /o r  th e  r o o ts  were more r e s i s t a n t  to  
i n f e c t i o n .
4 .5  D issem in a tio n , by I n s e c t s
Some b a c t e r i a l  p a thogens can be sp re a d  by in s e c t s  w hich n o t  on ly  
c a r r y  th e  b a c t e r i a  to  p l a n t s ,  b u t a l s o  in o c u la te  them w ith  th e  
b a c t e r i a  by in tro d u c in g  them i n t o  th e  p a r t i c u l a r  s i t e s  where th e y  
can d e v e lo p . B ees, f o r  exam ple, a r e  a t t r a c t e d  to  th e  sw eet s t i c k y  
ex u d a te  on b a rk s  o f  p e a r  t r e e s  c au sed  by E rw in ia  am ylovora and 
become sm eared w ith  i t .  When th e y  su b se q u e n tly  v i s i t  f lo w e rs  th e y  
le a v e  some o f  th e  b a c te r ia - c o n ta in in g  ex u d a te  i n  th e  n e c t a r .  The 
b a c t e r i a  m u l t ip ly  in  th e  n e c t a r ,  r e a c h  th e  n e c t a r i e s  and p e n e t r a te  
th ro u g h  them i n t o  th e  t i s s u e  o f  th e  f lo w e rs .  O ther b ees  v i s i t i n g  
th e  in f e c te d  f lo w e rs  th e n  c a r r y  b a c t e r i a  from th e  n e c t a r i e s  to  a l l  
su ccee d in g  blossom s t h a t  th e y  v i s i t .
I
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L e p t in o ta r s a  d e c e m lin e a te  s p re a d s  C orynebacterium  sepedonicum  by 
in t ro d u c in g  th e  b ac te riu m  in t o  damaged le a v e s  w h i ls t  fe e d in g  in  
p o ta to  c r o p s .  Daucus o le a e  s p re a d s  Pseudomonas s a v a s ta n o i  when i t  
d e p o s i t s  c o n tam in a ted  eggs i n t o  th e  o l iv e  f r u i t s .
Ark (1944) was u n ab le  t o  show th e  d is s e m in a tio n  o f  £ .  m ich iganense 
w ith  fo u r  i n s e c t s :  g reen  peach  a p h id  (Myzus p e r s ic a e  S u lz ) ,  onion
t h r i p s  .(T hrips ta b a c i  L in d . ) ,  s p o t te d  cucumber b e e t le s  (D ia b ro t ic a  
duodecim puncuata F a b r .)  and t a r n i s h  p la n t  bugs (Lygus p r a te n s i s  L .)
W hite f l i e s  (T r ia le u ro d e s  v a p o ra r io ru m ) a r e  a  common p e s t  o f  com m ercial 
tom ato c r o p s .  E xperim en ts  w ere th e r e f o r e  c a r r i e d  o u t to  t e s t  th e  
p o s s i b i l i t y  t h a t  th e se  i n s e c t s  c o u ld  sp re a d  £ .  m ic h ig a n e n se .
In  th e  f i r s t  e x p e rim e n t, 50 w h ite  f l i e s  from  in f e c te d  tom ato  p la n ts  
were t r a n s f e r r e d  w ith  an a s p i r a t o r  in t o  a p l a s t i c  cage where two 
tom ato  s e e d l in g s  a t  5 -6  t r u e - l e a f  s ta g e  were grow n. The te m p e ra tu re  
in  th e  cag e  was 17-28° C and th e  RH h ig h e r  th a n  90%. The p la n ts  were 
o b served  f o r  two m onths. A lthough  th e  i n s e c t s  th r iv e d  on th e  p la n ts  
no symptoms d ev e lo p ed .
In  a n o th e r  e x p e rim e n t, two d is e a s e d  tom ato  p la n t s  w hich were re a re d  
w ith  w h ite  f l i e s ,  were t r a n s f e r r e d  i n t o  th e  p l a s t i c  cage where two 
tom ato s e e d l in g s ,  h e a l th y  and f r e e  from  i n s e c t s ,  a t  th e  same s ta g e  
o f g row th  and v a r i e ty  a s  in  th e  p re v io u s  e x p e rim e n t, were grown.
The h e a l th y  p la n t s  were sp ray ed  w ith  w a te r  ev e ry  two days and 
in ju r e d  by ru b b in g  th e  l e a f l e t s  to  p roduce fa v o u ra b le  s i t e s  f o r  
i n f e c t io n .  In  a d d i t io n ,  th e  in f e c te d  p la n ts  were shaken to  d i s t r i b u t e  
th e  w h ite  f l i e s .  A f te r  two m onths no symptoms had d ev e lo p ed .
F iv e  l e a f l e t s  from  such  p la n t s  w ere homogenized s e p a r a t e ly  in  2 ml 
o f SDW i n  a  s t e r i l e  m o rta r  and were s tre a k e d  on NAG p l a t e s .  In  
one o f  them , th r e e  c o lo n ie s  o f  £ .  m ich iganense  d ev e lo p ed . The 
c o lo n ie s  w ere i d e n t i f i e d  by th e  m ethods r e f e r r e d  t o  i n  C h ap te r 2 .
I f  c o n ta m in a tio n  i s  exc lu d ed  i t  seems t h a t  some sp re a d  o f 
£ .  m ich ig an en se  inoculum  to o k  p la c e  b u t i t  was n o t  enough t o  cause
' ;
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an in f e c t io n  (E rc o la n i ,  1969b) o r to  be d e te c te d  (G oto, 1972).
A lso , th e  w h ite  f l i e s  in h a b i t  th e  low er ep id e rm is  o f  th e  l e a f l e t s  
where symptoms (w h ite  s p o ts )  a re  r a r e  o r can n o t be d e te c te d  w ith  
th e  naked eye (C h ap te r 8 ) .  N e v e r th e le s s ,  th e  w h ite  f l i e s ,  a s  w ith  
any o th e r  i n s e c t  o r an im al t h a t  c a u se s  damage on th e  p l a n t s ,  may 
h e lp  i n f e c t io n .  ,
4 .6  T ran sm issio n  by S eeds
4 .6 .1  In t ro d u c t io n
Seed tr a n s m is s io n  o f  £ .  m ich iganense  i s  r e p o r te d  to  v a ry  from  0 .2 5  
to  81% ( S t r id e r  1969b). P a th o g e n ic  b a c t e r ia  may rem ain on p la n t  
s u r f a c e s  w ith o u t c a u s in g  d is e a s e  and a re  s a id  to  be a  'r e s i d e n t  
p h a s e '.  T h is  i s  w e ll  docum ented, f o r  example f o r  Xanthomonas 
v e s i c a to r i a  where n o n -d is e a s e d  tom ato  s e e d lin g s  c a r ry  th e  p a th o g en , 
hav ing  d ev eloped  from  b a c t e r i a  in f e s t e d  seed s  (Leb en , 1963). Bryan 
(1930 ), and Patino-M endez (1964) found £ .  m ich iganense on th e  
s u r fa c e  and w ith in  tom ato  s e e d s . E xperim ents were th e r e f o r e  c a r r i e d  
o u t w ith  tom ato  s e e d s  i n f i l t r a t e d  w ith  £ .  m ich iganense to  d e te rm in e  
th e  p e rc e n ta g e  seed  tra n s m is s io n  and to  f in d  o u t i f  s e e d l in g s  
d e v e lo p in g  from su ch  se e d s  c a r r y  th e  p a th o g en . The p o p u la tio n  o f  
sa p ro p h y te s  was a l s o  co u n ted  in  o rd e r  to  see  i f  th e re  i s  any 
r e l a t i o n  betw een th e  p o p u la tio n  o f  sa p ro p h y te s  and th e  p o p u la tio n  o f  
d e te c te d  £ .  m ic h ig a n e n se . I n d iv id u a l ly  grown p la n ts  w e re .l e f t  
40-75 days f o r  developm ent o f  d is e a s e  symptoms.
4 .6 .2  M a te r ia ls  and M ethods 
I n f i l t r a t i o n  ( I n f e s t a t i o n )  o f  Seeds
A su sp e n sio n  o f  £ .  m ich iganense  s t r a i n  G2 in  SDW a t  c o n c e n tra t io n
1-3 X 10^ CFU/ml was p re p a re d . Tomato seed s  (v a r .  Money M aker) 
were s u r fa c e  s t e r i l i z e d  in  2% sodium  h y p o c h lo r i te  and washed th r e e  
tim es  in  SDW. About 300 s e e d s  w ere p la c e d  in  th e  su sp e n sio n  which 
was by vacuum, i n f i l t r a t e d  f o r  30 m in u tes  in t o  th e  s e e d s .
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D e te rm in a tio n  o f  B a c t e r i a l  P o p u la t io n s  A sso c ia te d  w ith  Seeds
To f in d  th e  b a c t e r i a l  p o p u la tio n  (inoculum ) o f  th e  s e e d s ,  s ix  s e e d s  
were ground s e p a r a t e ly ,  e ach  w ith  3 ml o f SDW f o r  two m in u te s , u s in g  
a s t e r i l e  p e s t l e  and m o rta r  and a  l i t t l e  s t e r i l e  sand to  a id  g r in d in g .  
P re lim in a ry  e x p e rim e n ts  showed t h a t  g r in d in g  fo r  more th a n  two 
m in u tes  d id  n o t  in c r e a s e  th e  inoculum  re c o v e re d .
A f te r  th e  a p p r o p r ia te  t e n - f o l d  d i l u t i o n s ,  th e  seed  su sp e n s io n s  were 
p la te d  o n to  NAG. A no ther te n  s e e d s  were ground a s  a  group and 
assay ed  in  th e  same way. In  a l l  th e  ex p erim en ts  th e  r e s u l t s  d id  
n o t d i f f e r  s i g n i f i c a n t l y  betw een in d iv id u a l  seed  sam ples and th e  
group sam p le , a l th o u g h  th e  mean o f  th e  s ix  in d iv id u a l  seed s  was u se d .
To f in d  o u t how much inoculum , was on th e  t e s t a  and how much had 
i n f i l t r a t e d  i n t o  th e  s e e d , th e  s e e d s  w ere a ssay ed  a s  above to  g iv e  
th e  t o t a l  b a c t e r i a l  p o p u la tio n  a n d , a f t e r  w ashing, to  remove s u r fa c e  
b a c t e r i a .  B a tch es  o f  20 seed s ' w ere p la c e d  in  a  f l a s k  w ith  50 ml o f  
SDW and washed f o r  30 m in u te s  in  a  r e c i p r o c a l  sh a k e r . The b a c t e r i a l  
p o p u la tio n  o f  th e s e  washed s e e d s  was d e term ined  a f t e r  g r in d in g  up 
th e  sam ples a s  d e s c r ib e d  ab o v e .
The mean inoculum  p e r  seed  from  unwashed and washed seed s  were 1 .25 x 
6 A10 and 1 .86  x 10 pa thogen  ( c e l l s )  r e s p e c t iv e ly .  The r e s u l t  showed 
th a t  1.49% o f  th e  inocu lum  had i n f i l t r a t e d  beyond th e  seed  s u r f a c e .
Growth o f  S e e d lin g s
One hundred  and tw en ty  s e e d s ,  i n f i l t r a t e d  a s  d e s c r ib e d , were sown 
in  b a tc h e s  o f  15 se e d s  in  p ro p a g a to r  t r a y s .  The s e e d lin g s  made no 
c o n ta c t  w ith  one a n o th e r  d u r in g  t h e i r  grow th  f o r  21 d ay s . These 
p la n ts  w ere u sed  to  d e te rm in e  th e  number o f  b a c t e r ia  in  th e  s e e d l in g s .
A nother 120 s e e d s  w ere sown s e p a r a t e ly  in  4" d ia m ete r p l a s t i c  p o ts  
and exam ined a t  i n t e r v a l s  f o r  d is e a s e  symptoms f o r  40-75 d a y s . The 
t r a y s  and th e  p o ts  w ere f i l l e d  w ith  B ow er's  com post e x c e p t in  
ex p erim en t D when s t e r i l e  v e r m ic u l i te  was u s e d .
7
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The t r a y s  and h a l f  th e  p o ts  w ere p la c e d  in  t r a y s  and were sub ­
i r r i g a t e d .  Four t r a y s  were co v e re d  w ith  th e  l i d s  o f th e  p ro p a g a to rs .  
When th e  s e e d lin g s  had em erged th e  v e n t i l a t o r s  o f  th e  p ro p a g a to rs  
were h a l f  o r f u l l y  opened. The h u m id ity  in s id e  th e  p ro p a g a to rs  was 
h ig h  a s  shown by th e  c o n d e n s a tio n . S ix ty  p o ts  were p la c e d  in s id e  
th e  p l a s t i c  cage where th e  RH was h ig h e r  th a n  90%. In  th a t.w a y  h a l f  
th e  s e e d l in g s  w ere grown u n d er h ig h  RH and h a l f  in  th e  RH o f  th e  
g reen h o u se , 40-82%, w hich i s  c o n s id e re d  low .
A ssay o f  th e  P la n ts
From th e  16th to  th e  2 1 s t  day when th e  g roup  s e e d l in g s  were a t  th e
2-5  t r u e - l e a f  s ta g e ,  th e y  were c u t  1 cm below  t h e i r  c o ty le d o n s  and 
assay ed  s e p a r a te ly .  For each  a s s a y  th e  p la n t  p o r t io n s  were ground 
f o r  two m in u tes  w ith  5 ml SDW u s in g  a  s t e r i l e  p e s t l e  and m o r ta r . 
Twenty s e e d lin g  su sp e n s io n s  f o r  eac h  tre a tm e n t were p la te d  s e p a r a te ly  
in  t r i p l i c a t e  on NAG p la t e s  (e x p e rim e n ts  A, B and C) and on NAG and 
s e le c t iv e  medium Se4 (e x p e rim e n ts  D and E ) . The rem a in in g  s e e d l in g s  
were s tre a k e d  on th e  above m ed ia . The p l a t e s  were in c u b a te d  f o r  
f iv e  days o r 12 days a t  26° C. The sap ro p h y te  c o lo n ie s  and th e  
£ .  m ich iganense c o lo n ie s  were c o u n te d . The £ .  m ich iganense 
c o lo n ie s  were i d e n t i f i e d  a s  d e s c r ib e d  in  C hap ter 2 , .
E x p erim en ta l D e ta i l s
F ive  ex p erim en ts  were c a r r i e d  o u t .  The b a s ic  c o n d i t io n s  f o r  each  
a re  g iv en  in  T ab le 8 and e x p e r im e n ta l d e t a i l s  a re  a s  fo llo w s :
E xperim ent A: As in  T ab le 8
E xperim ent B: The te m p e ra tu re  was m o s tly  h ig h e r  th a n  33° C d u rin g
th e  day .
E xperim ent C: The seed s  were sown in  s t e r i l e  v e rm ic u l i te  and were
w atered  ev ery  1-4 days w ith  Normal H oagland (1938) s o lu t io n  d u rin g
th e  c o u rse  o f  th e  e x p e rim e n t. The u se  o f  s t e r i l e  v e rm ic u l i te  was
used  in  an a t te m p t t o  red u ce  th e  h ig h  number o f  s a p ro p h y te s  t h a t
8o ccu rred  on th e  seed  c o a t  (up t o  1 x 10 CFU/seed c o a t ) .  L a te r ,
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that treatment was abandoned because it did not decrease the number
of the saprophytes.
E xperim ent D: In  t h i s  ex p erim en t te n  s e e d lin g  e x t r a c t s  were p la te d
on NAG and Se4 f o r  each  t r e a tm e n t .  A lso , one d rop  o f  th e  s e e d l in g  
su sp e n s io n s  was in o c u la te d  in  Se4 b ro th  tu b e s  (Se4 w ith o u t a g a r ) ,  
in c u b a te d  f o r  seven  days and th e n  s tre a k e d  on NAG and Se4 p l a t e s .
In  o rd e r  t o  a s s e s s  th e  b e s t  method o f  i s o l a t i o n  o f b a c t e r i a  from  
s e e d l in g s ,  e x t r a c t s  w ere p la te d  and a l s o  s t r e a k e d .  The c o ty le d o n s  
and th e  s h o o ts  o f  th e  rem a in in g  50 s e e d l in g s  were s tre a k e d  
s e p a r a te ly  in  o rd e r  t o  lo c a te  th e  b ac te riu m  (from  1 6 th -2 1 s t d a y ) .  
P la n t  p r i n t  t e s t s  perform ed  a s  d e s c r ib e d  by Leben (1961) were n o t  
s u c c e s s fu l  b ecau se  o f  th e  slow  grow th  o f  £ .  m ich iganense c o lo n ie s  
which were o v e rru n  by more v ig o ro u s  grow th o f s a p ro p h y te s . The 
r e s u l t s  o f  th e s e  e x p e rim e n ts  a re  sum m arised in  T able 9a and b .
4 .6 .3  R e s u lts  
E xperim ent A
The p la n ts  t h a t  w ere a ssay ed  a f t e r  16-20 days d id  n o t show any 
symptom; how ever, in  h ig h  RH, fo u r  p la n ts  from 58 c o n ta in e d  
b a c te r ia  in  r e s i d e n t  phase and two p la n ts  showed symptoms ( w i l t in g  
l e a f l e t s )  a f t e r  30-40 d a y s . In  low RH, in  one p la n t  from  5 9 ,
£ .  m ich ig an en se  c e l l s  were d e te c te d ,  b u t no p la n t  showed any 
symptom a f t e r  40 d a y s .
E xperim ent B
In  th e  second e x p e r im e n t, in  b o th  h ig h  and low RH, no p la n t  was 
d e te c te d  h a v in g  r e s i d e n t  phase £ .  m ich ig an e n se , n o r d id  any p la n t  
show symptoms o f  th e  d is e a s e  a f t e r  40 d ay s .
E xperim ent G
In  t h i s  e x p e rim e n t:n o  C. m ich iganense p o p u la tio n s  were d e te c te d  from  
th e  a s sa y  p l a n t s ,  n o r  d id  any symptoms app ea r on th e  p la n t s  a f t e r  
40 d a y s .
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Seven p l a n t s ,  grown u n d er h ig h  RH, showed symptoms o f  w i l t in g  
a f t e r  75 d ay s . L a te r ,  a l l  th e  d is e a s e d  p la n ts  were s tu n te d  and a l l  
th e  le a v e s  w il te d  o r d ie d .  The rem a in in g  p la n t s  s ta y e d  h e a l th y .
The p o p u la tio n  o f sa p ro p h y te s  was a s  h ig h  on v e rm ic u l i te  grown 
p la n ts  a s  on th o se  grown in  com post. T h is  way o f  tre a tm e n t was 
th e r e f o r e  abandoned in  th e  n e x t e x p e rim e n ts .
E xperim ent D
In  th e  f o u r th  ex p erim en t (D) where th e  p l a t in g  and s t r e a k in g  was 
done on NAG and Se4 , 26 s e e d l in g s  o u t o f  55 (47%) showed th e  r e s id e n t  
phase o f  £ .  m ich iganense in  h ig h  RH c o n d i t io n s .  T h is  was d e te c te d  
u s in g  Se4 m edia b u t n o t on NAG. From th e  p la n t s  grown in  low RH,
14 o u t o f  58 (24%) showed r e s id e n t  phase £ .  m ich iganense  a s  
d e te c te d  on Se4 p l a t e s  and 6.9% (fo u r  p la n t s  o u t o f  58) on NAG. In  
g e n e r a l ,  a f t e r  75 days th e r e  were c o n s id e ra b ly  l e s s  d is e a se d  p la n ts  
th a n  p la n ts  w ith  r e s id e n t  phase o f  £ .  m ich ig an e n se .
E xperim ent E
In  th e  f i f t h  e x p e rim e n t, u s in g  NAG p l a t e s ,  no p la n t  was d e te c te d  
w ith  r e s id e n t  phase £ .  m ic h ig a n e n se . U sing Se4 s e le c t iv e  m edia, 
how ever, fo u r  o u t o f  59 p la n ts  (6.77%) from  p la n ts  grown u nder High 
RH, and 16 o u t o f  57 p la n ts  (28%) grown under low RH, were shown to  
c a r r y  b a c t e r i a .  From s e e d lin g s  t h a t  were a ssay ed  under h ig h  RH, 
te n  had s p o ts  s im i la r  to  th e  w h ite  s p o t  symptoms o f  th e  d is e a s e .  In  
th e  a sse ssm en t o n ly  two o f  them were found to  have a  p o p u la tio n  o f  
£ .  m ich ig an e n se . The s p o ts ,  o r  some o f  them , were p ro b ab ly  b u rn s  
owing to  th e  s e e d l in g s  b e in g  u n p ro te c te d  from  th e  sun f o r  p a r t  o f  
th e  tim e and p o s s ib ly  th e  c o n d e n sa tio n  in s id e  th e  p ro p a g a to r  caused  
th e s e  i n j u r i e s .  No s p o ts  were n o t ic e d  in  s e e d l in g s  t h a t  were grown 
in  th e  open a t  low RH. Only one p la n t  was d is e a s e d  from  th o se  
grown in  h ig h  RH.
from  th e  s e e d l in g s  t h a t  were a ssay ed  a s  two p o r t io n s  (c o ty le d o n s  and 
th e  rem a in in g  p la n t  p o r t i o n ) o n ly  two o u t o f  15 (one from  s e e d lin g s
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under low RH and one from s e e d l in g s  under h ig h  RH) re v e a le d  th e  
p re sen ce  o f  £ .  m ich iganense  in  th e  le a v e s  o r s tem s.
From th e  a s s a y ,  u s in g  Se4 b r o th ,  o n ly  one gave p o s i t iv e  r e s u l t s  
o u t o f  18, p ro b a b ly  due to  th e  f a c t  t h a t  sa p ro p h y te s  grow more 
q u ic k ly  in  v i t r o .
From 20 s e e d l in g s  where e x t r a c t s  were bo th  p la te d  and s t r e a k e d ,  
p o s i t i v e  r e s u l t s  were o b ta in e d  w ith  s ix :  f iv e  by p la t in g  and
th r e e  (2 + 1) by s t r e a k in g .  One d e te c te d  by s t r e a k in g  was n o t  d e te c te d  
by p l a t i n g .  The one d is e a s e d  p la n t  e x h ib i te d  symptoms o f  d is e a s e  
a f t e r  35 d a y s .
The maximum re c o v e ry  o f  £ .  m ich iganense  (C hap ter 2) in  th e  f o u r th  
ex p erim en t v a r ie d  from  38.4-85% . The in h ib i t i o n  o f  sa p ro p h y te s  
(C hap ter 9) f o r  ex p e rim en ts  D and E v a r ie d  from 30-99.9% .
4 .6 .4  D isc u ss io n
The f iv e  e x p e rim e n ts  in d i c a te  t h a t  th e  r e s u l t s  depend on th e  c o n d i t io n s  
o f  th e  ex p e rim en t and th e  way o f  a s s a y in g  th e  s e e d l in g s .
In  a l l  th e  ex p e rim e n ts  (e x c e p t exp erim en t C) where th e  s e e d l in g s  were 
a s s e s s e d  on NAG p l a t e s ,  th e  numbers o f d is e a s e d  p la n ts  were l e s s  th an  
th e  p la n t s  w ith  r e s id e n t  phase o f  £ .  m ich ig an en se . D isease  symptoms 
from  in f e c te d  p la n t s  can  be shown even a f t e r  70-75 days (ex p erim en t C ). 
E rc o la n i  (1969b) and T hyr, Webb, Jaw o rsk i and R a t c l i f f  (1973) 
r e p o r te d  d is e a s e  developm ent 5-15  weeks a f t e r  th e  p la n ts  had been 
t r a n s p l a n te d .  T h is  s u b je c t  has been rev iew ed  by Hayward (1974 ).
P la n ts  can  have a  p o p u la tio n  o f  £ .  m ich iganense a s  a  r e s id e n t  phase 
(Leben, 1974) and when c o n d i t io n s  a re  f a v o u ra b le ,  b a c t e r i a  m u l t ip ly  
and c au se  d is e a s e d  p l a n t s .
P la n t  p a th o g e n ic  b a c t e r i a  can have a  r e s id e n t  phase i j i  o r on a l l  
p a r t s  o f  th e  p la n t  ( r o o t s ,  buds, le a v e s )  (Leben, 1974)? S c jîu s te r  and 
Coyne (1974) rev iew ed  exam ples o f  works p ro v in g  t h a t  pa thogens have 
a  r e s i d e n t  p h a s e . _  ,
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The r e s u l t s  co n firm  t h a t  few d is e a s e d  p la n ts  a r i s e  from in f e s t e d  
se e d s .
E xperim ents D and E in d i c a te  t h a t  r e s u l t s  v a ry  ac c o rd in g  to  th e  way 
o f  s c re e n in g  th e  p la n ts  f o r  b a c t e r i a .
U sing Se4 p l a t e s  th e  p o s i t i v e  r e s u l t s  in  E xperim ent D were 47% 
compared to  6.9% on NAG p l a t e s ,  and in  experim en t E, 28% a g a in s t  no 
d e te c t io n  on NAG. P o s s ib ly  th e  same would happen i f ,  in  th e  f i r s t  
th r e e  e x p e rim e n ts , Se4 medium had been u se d . A more e f f i c i e n t  
s e le c t iv e  medium m ight w e ll g iv e  b e t t e r  r e s u l t s .
E xperim ent E in d ic a te d  t h a t  p la t i n g  i s  a  b e t t e r  method o f  i s o l a t i o n  
o f  £ .  m ich iganense  th a n  s t r e a k in g .  The sa p ro p h y te s  in  a l l  e x p e rim e n ts  
may have in h ib i t e d  p o s i t i v e  i s o l a t i o n s .  S ap ro p h y tes  were fav o u red  
by th e  h ig h  te m p e ra tu re  t h a t  p redom inated  most o f  th e  tim e d u r in g  
th e  c o u rse  o f  some e x p e r im e n ts . S ap ro p h y tes  n o t  on ly  in h ib i t e d  
i s o l a t i o n s  o f  £ .  m ich ig an en se  b u t p ro b ab ly  a l s o  a n ta g o n ise d  th e  
£ ,  m ich iganense  c e l l s  (C h ap te r 9 ) .  The r e s u l t s  t h a t  h igh  RH fa v o u rs  
th e  in c id e n c e s  o f  p la n t s  w ith  r e s id e n t  phase o f  £ .  m ich iganense  
and r e s u l t s  in  more d is e a s e d  p l a n t s ,  a g re e  w ith  r e s u l t s  o f  Leben 
(1963, 1965b) and Leben and D a f t (1967 ). F ryda and G tta  (1978) 
a l s o  re p o r te d  t h a t  th e  movement o f  £ .  sy r in g a e  was fav o u red  by low 
te m p e ra tu re  (10° C) and h ig h  RH (80-98% ).
I t  would be p a r t i c u l a r l y  u s e f u l  to  know where b a c te r ia  a re  t o  be 
found d u rin g  tra n s m is s io n  by s e e d s . The above r e s u l t s  in d i c a te  t h a t  
b a c t e r i a  from  th e  seed  c o a ts  re a c h  th e  c o ty le d o n s  a s  se e d s  g e rm in a te . 
The e p ig e a l  g e rm in a tio n  o f  tom ato  seed s  can fa v o u r tra n s m is s io n  o f  
b a c t e r i a l  f o l i a g e  d i s e a s e s  (S c h u s te r  and Coyne, 1974). The r e s u l t s  
were o f  co u rse  o b ta in e d  w ith  a r t i f i c i a l l y  in f e s te d  s e e d s . I t  may 
be d i f f e r e n t  w ith  n a t u r a l l y  in f e c te d  s e e d s . Bryan (1930) found
1-5% tra n s m is s io n  o f  £ .  m ich ig an en se  w ith  n a t u r a l l y  in f e c te d  se e d s  
and 21-40% w ith  a r t i f i c i a l l y  i n f e s t e d  se e d s .
The ran g e  o f  seed  tra n s m is s io n  r e p o r te d  by o th e r  w orkers v a r i e s .
P a tin o  -  Mendez (1964) o b ta in e d  0.25%, Grogan and K endrick  (1953) 1%, 
and Blood (1937) 81.28% . Low p e rc e n ta g e  tra n s m is s io n  i s  im p o r ta n t :
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s in c e  1% seed  tra n s m is s io n  can r e s u l t  in  54.4% in f e c t io n  o f  tom ato 
p la n ts  in  th e  f i e l d  (B ryan, 1930). N a tra s s  and C iccarone (1946) 
re p o r te d  80% d is e a s e d  p la n ts  in  th e  i n i t i a l  o u tb rea k  in  N a iro b i. 
F u rth e rm o re , Bryan (1930) r e p o r te d  t h a t  £ .  m ichiganense rem ained 
v ia b le  f o r  e ig h t  months on s e e d s . I n f e s te d  seed s  from experim en t A 
were k e p t in  a  p e t r i  d is h  a t  RT f o r  one y e a r .  On a s sa y in g  th e  seed s 
i t  was found th a t  £ .  m ich iganense  inoculum  rem ained v ia b le  a t  6%
(9 X 10^ CFU/seed where i n i t i a l  p o p u la tio n  was 1.5  x 10^ CFU /seed). 
C le a r ly ,  seed s  may be a  s i g n i f i c a n t  so u rc e  o f  in f e c t io n  o f  tom ato 
p la n t s .
4 .7  S u rv iv a l  on Leaves
4 .7 .1  In tro d u c t io n
B a c te r ia  on a e r i a l  p la n t  s u r f a c e s  have been r e f e r r e d  to  a s  " sa p ro p h y tic "  
o r "p a th o g e n ic "  (C ro sse , 1971; Mew and Kennedy, 1971). The term  
"p a th o g e n ic "  h as  been used  to  r e f e r  to  th e  p o t e n t i a l  o f  an organism  
to  inv ad e  a  l i v in g  p l a n t ,  c a u s in g  d is e a s e  r a th e r  th a n  i t s  a c tu a l  
s t a t e . I t  h as  lo n g  been re c o g n ise d  t h a t  many s o - c a l le d  pathogens 
e x i s t  f o r  s h o r t  o r long  p e r io d s  in  a  n o n -p a th o g e n ic  " r e s id e n t  phase" 
a s  e p ip h y te s  on a e r i a l  p la n t  s u r f a c e s  (Leben, 1963, 1974). Some 
w orkers  p r e f e r  th e  te rm  " l a t e n t "  f o r  pa thogens w ith in  th e  p la n t  p r io r  
to  symptom p ro d u c tio n .
E p ip h y tic  b a c t e r ia  may be a so u rc e  o f  p rim ary  and secondary  in f e c t io n .  
B a c te r ia  produced w ith in  o r upon in f e c te d  p la n t  p a r t s  a re  m o b ilised  
in  w a te r and p ro v id e  inoculum  w hich sp re a d s  t o  s u r f a c e s  o f  non­
in f e c te d  p la n t  p a r t s  (C ro sse , 1959). When in f e c t io n  does n o t occur 
im m ed ia te ly , t h i s  inoculum , to  be e f f e c t i v e ,  m ust su rv iv e  u n t i l  
p e n e t r a t io n  o c c u rs .
E p ip h y tic  s u r v iv a l  and m u l t ip l ic a t io n  on h o s t  and n o n -h o s t p la n ts  
may be a s s o c ia te d  w ith  s u r f a c e s  o f  l e a v e s ,  buds o r f lo w e rs ,  and has 
been d e s c r ib e d  f o r  s e v e r a l  p la n t  p a th o g e n ic  b a c t e r i a .  Thus.
Pseudomonas m ors-prunorum  h as  been f  ound on h e a l th y  c h e r r y  le a v e s  
(C ro sse , 1959, 1963;. E r c o la n i , 1 9 6 9 a), on peach (Cardan e t  a l . ,
1972) and on so u r c h e r ry  le a v e s  (S o b iczew sk i, 1978). Pseudomonas
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s y r in g a e  can  be found on h e a l th y  c h e r ry  le a v e s  (S o b iczew sk i, 1978), 
on p e a r  (E rc o la n i ,  1969), on w heat (F ryda and O tta ,  1978), on peach 
(Dowler and W eaver, 1975; E n g lis h  and D av is , I9 6 0 ) , on c i t r u s  f r u i t s  
(P anagapou los and P s a l l i d a s ,  1973), on bean (Leben e t  1970)
and on n e c ta r in e  (Young, 1978). The r e s u l t s  o f  E rc o la n i  e t  a l .  (1974) 
a l s o  i n d i c a te  t h a t  h a i ry  v e tc h  s e rv e s  a s  a  so u rc e  o f  p rim ary  inoculum  
o f  bean b a c t e r i a l  brown s p o t cau sed  by £ .  s y r in g a e . The b ac te riu m  
£ .  g ly c in e a  was found on h e a l th y  soybean p la n ts  (Kennedy and E rc o la n i ,  
1978; Leben e £  , 1968; Leben and M i l l e r ,  1973; Mew and Kennedy, 
1971, th e  b a c te riu m  £ .  tom ato  on tom ato  (S ch n e id e r and Grogan,
1977a, b ) ,  £ .  lacrym ans on cucum ber (Haas and Rotem, 1976) and 
s a v a s ta n o i  on o i l  t r e e s  (E rc o la n i ,  1979).
For xanthom onads i t  has been r e p o r te d  t h a t  X. v e s i c a to r i a  was found 
to  have a  " r e s id e n t"  phase on h e a l th y  tom ato  s e e d l in g  sh o o ts  (Leben, 
1963), X. p h a s e o l i  on beans ( C a fa t i  and S a e t t l e r ,  1980; W eller and 
S a e t t l e r ,  1980), X. m a n ito b is  on c a s s a v a  (D an ie l and B oher, 1978; 
P e r s le y ,  1978), X. p o p u li on p o p la r  (R ide e t  a l . ,  1978) and X. o ryzae 
on w ild  g r a s s e s  (G oto, 1972). F i n a l l y ,  E rw in ia  am ylovora was 
re c o v e re d  from  h e a l th y  p e a r t r e e s  (M ille r  and S c h ro th , 1972).
E p ip h y tic  s u r v iv a l  o f  b a c t e r i a l  p a th o g en s  i s  a f f e c te d  by en v iro n m en ta l 
f a c t o r s .  F re e  w a te r and h ig h  h u m id ity  h e lp  p o s i t i v e ly  b a c t e r i a l  
s u r v iv a l  on l e a f  s u r fa c e s  (F ryda and O tta ,  1978; J .eb e n , 1974; 
S c h n e id e r  and G rogan, 1977a, b ) .  High te m p e ra tu re  seems to  be a  
c r i t i c a l  f a c t o r  (Fryda and O tta ,  1978; S ch n e id e r and Grogan 1977a). 
S u n lig h t  and chem ica l env ironm ent o f  th e  l e a f  s u r f a c e  a l s o  a f f e c t  
b a c t e r i a l  s u r v iv a l .  Among th e  many f a c t o r s  w hich may have an 
in f lu e n c e  a r e  le a c h a te s  ( n u t r i e n t s  on th e  s u r fa c e  o f  th e  p l a n t s ) ,  
th e  ty p e  o f  p l a n t ,  i t s  n u t r i t i o n ,  te m p e ra tu re , l i g h t ,  to g e th e r  w ith  
i n j u r i e s  r e s u l t i n g  from  m ech an ica l damage and w a te r  c o n g e s tio n , 
p h y s io lo g ic a l  a g e , and w e t t a b i l i t y  o f  th e  le a v e s  (Turkey and Morgan,
The age o f  th e  le a v e s  n o t  o n ly  a f f e c t  th e  co m p o sitio n  o f  th e  
le a c h a te s  (Blakeman, 1972 and 1973) b u t a l s o  o f f e r s  d i f f e r e n t  amounts 
o f  p r o te c t io n  f o r  s u r v iv a l  in  p o s i t i o n s  such  a s  ^ ric h d m e s  and
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s u b -s to m a ta l cham bers. Young le a v e s  have more tr ic h â m e s  and s to m a ta  
p e r u n i t  a r e a  and a  th in n e r  c u t i c l e  th an  o ld e r  o n es . A lso , th e  
u n d e rs id e  o f  th e  l e a f  h as  more p ro te c te d  p o s i t io n s  th an  th e  exposed 
upper s u r f a c e .  S ch n e id e r and Grogan (1977b) r e p o r te d  t h a t  tom ato  
m u ta n ts , d e f i c i e n t  in  l e a f  h a i r s ,  su p p o rted  a  s m a lle r  r e s id e n t  
b a c t e r i a l  p o p u la t io n .
There a p p e a rs  t o  be no work in  th e  l i t e r a t u r e  on e p ip h y tic  s u r v iv a l  
o f  C o ry n e b a c te r ia  a lth o u g h  th e  ex p erim en ts  on seed  tra n s m is s io n  
d e sc r ib e d  e a r l i e r  in  t h i s  t h e s i s  showed t h a t  £ .  m ich iganense  can 
have a  " r e s id e n t"  p h a se . C e l ls  o f  £ .  m ich iganense w ere found in  
h e a l th y  s e e d l in g s  d e r iv e d  from  in f e s te d  s e e d s . E xperim en ts w ere 
c a r r i e d  o u t th e r e f o r e  t o  s tu d y  th e  e p ip h y tic  s u r v iv a l  o f  
£ .  m ich ig an en se  on tom ato  l e a f  s u r fa c e s  and some o f  th e  f a c t o r s  
a f f e c t i n g  th e  s u r v iv a l  o f  b a c t e r i a .
4 . 7 . 2 . M a te r ia ls  and M ethods
£ .  m ich ig an en se  s t r a i n  G2 was u sed  in  a l l  th e  e x p e rim e n ts . The 
in o c u la  a t  c o n c e n tr a t io n s  5 .2 -9 .5  x 10^ CFU/ml were p re p a re d  a s  
d e s c r ib e d  p r e v io u s ly .
In  p re l im in a ry  ex p e rim e n ts  th e  b a c t e r i a l  s u r v iv a l  was s tu d ie d  on 
e x c ise d  le a v e s .  The p e t io l e  o f  th e  le a v e s  was immersed in  e i t h e r  
50 ppm benzim odozole to  r e t a r d  sen e sc e n c e , o r in  w a te r in  4 x 20 cm 
t e s t  tu b e s .  A f te r  5 -7  days th e  le a v e s  had yellow ed and w ith e re d  
so  t h i s  m ethod was abandoned and th e  p la n ts  were grown s e p a r a te ly  
a s  d e s c r ib e d .
P la n ts  w ere in o c u la te d  by s p ra y in g  th e  upper o r low er s u r f a c e s  o f 
th e  l e a f l e t s  w ith  .inoculum  from  a  p a in t  p i s t o l  a t  a .d is ta n c e  o f  
60-70 cm from  th e  p la n t s  u n t i l  th e  le a v e s  were th o ro u g h ly  w e t. The 
le a v e s  w ere n o t  w a te r  soaked .and l e a f  trich o m es Were n o t  damaged (a s  
a s s e s se d  by  l i g h t  m ic ro sc o p y ). By t h i s  m ethod, 1 .3 ‘mg p e r  p la n t  
u n i t  ( d is c  1 cm in  d ia m te r)  o f  inoculum  was d e p o s i te d . T h is  was 
e s t im a te d  by w eigh ing  100 d i s c s  c u t  w ith  a  1 cm (No. 5) c o rk  b o re r  , 
b e fo re  and a f t e r  s p ra y in g .  A f te r  in o c u la t io n  th e  p la n t s  w ere k e p t 
e i t h e r  on th e  benches o f  th e  g la ssh o u se  (RH 50-85%) o r  i n s i d e  th e
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p l a s t i c  cage (RH more th a n  90%). Sam ples were p la te d  f o r  b a c t e r i a l  
s u r v iv a l  a t  r e g u la r  i n t e r v a l s  a f t e r  th e  p la n ts  had d r ie d .
M easurement o f  b a c t e r i a l  s u r v iv a l
For each sam ple , f iv e  l e a f l e t s  were removed and from each  l e a f l e t  
2-6  d is c s  0 .5  o r 1 cm in  d ia m e te r  w ere c u t  w ith  a co rk  b o re r ,  
av o id in g  th e  la rg e  v e in s .  The d i s c s  were homogenized f o r  4 m in u tes  
in  50 ml o f  SDW u s in g  an MSE hom ogen izer. P re lim in a ry  t r i a l s  w ith  
sam ples were sp ray ed  w ith  £ .  m ic h ig a n e n se , th en  l e f t  to  d ry  and 
homogenized f o r  1 , 2 , 4 and 6 m in u te s , showing t h a t ,  a f t e r  4 m in u te s , 
th e  number o f  b a c t e r i a  re c o v e re d  d id  n o t  change s ig n i f i c a n t l y  even 
when th e  sam ple homogenized f o r  4 m in u tes  was l e f t  f o r  one hour 
(T able 10 ). L a te r ,  th e  d i s c s  w ere homogenized in  4 ml o f  SDW f o r  
2 m in u tes  u s in g  a  s t e r i l e  p e s t l e  and m o r ta r . S t e r i l e  sand h e lp ed  
th e  h o m o g en iza tio n . T r i a l s  w ith  sam ples homogenized u s in g  a 
hom ogenizer f o r  4 m in u te s , and sam ples homogenized u s in g  p e s t l e  
and m o rta r  f o r  2 m in u te s , d id  n o t  show any s ig n i f i c a n t  d i f f e r e n c e s  
(T able 1 1 ). The hom ogenizer was s t e r i l i s e d  between each sam p lin g , 
f i r s t  by r i n s in g  f o r  30 seco n d s w ith  90% a lc o h o l and th en  th r e e  tim e s  
w ith  SDW. The p e s t l e s  and m o r ta rs  w ere r in s e d  w ith  ta p  w a te r , d r i e d ,  
s t e r i l i s e d  w ith  90% a lc o h o l  b u rn in g  th e  rem a in in g  a lc o h o l and le a v in g  
them to  c o o l .  A f te r  h o m o g e n iza tio n , th e  a p p ro p r ia te  te n - f o ld  
d i l u t i o n s  were made and th e  sam p les were p la te d  a s  d e s c r ib e d . A ll 
th e  sam ples were ta k e n  a t  th e  same tim e and k e p t a t  4 ° C u n t i l  p la te d .
Three e x p e rim e n ts  w ere c a r r i e d  o u t .
E xperim ent A
In  o rd e r to  s tu d y  th e  e f f e c t  o f  l e a f  a g e , tom ato p la n ts  (cv .
G re n a d ie r)  were u sed  a t  two s ta g e s  o f  g row th , "young" a t  2 -4  t r u e -  
l e a f  s t a g e , and " o ld "  a t  10-11 t r u e - l e a f  s ta g e .  From th e  l a t t e r  a l l  
b u t th e  th r e e  y o u n g e s t, w e ll  expanded le a v e s  were removed. The 
r a t i o  o f  ex p an sio n  betw een "young" and "o ld "  l e a f l e t s  were e s tim a te d  
by m easuring  th e  m id r ib  le n g th  o f  th e  l e a f l e t s  o f  s ix  "young" and 
s ix  "o ld "  tom ato  p l a n t s  f o r  15 days (F ig . 2 ) .  Knowing th e  r a t i o ,  
th e  r e s u l t s  w ere mdjmsted a p p r o p r ia te ly  to  ta k e  % ccduht p f  l é a f  . ,i :
e x p a n s io n . .
 _____ ' ;  : _______ _  - ___________  -u
Table 10.
The e f f e c t  o f  d i f f e r e n t  tim e s  o f  hom ogenization  on 
th e  e x t r a c t io n  o f  b a c t e r i a  from  tom ato le a v e s
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H om ogenization tim e (mins)
1 2 4 6 4 and a f t e r  s ta n d in g  
f o r  1 hour
L eaf 90 120 150 148 145
Sample A 61 85 95 92 . 95
69 93 98 96 92
X 73 99 114 112 110
L eaf 100 130 150 162 156
Sample B 91 124 140 135 125
83 120 132 121 119
X 91 125 141 139 133
The numbers a re  th e  means o f  CPU o f  th e  l a s t  d i l u t io n
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T able 1 1 . The e f f e c t  o f  d i f f e r e n t  m ethods o f  hom ogenization
on e x t r a c t io n  o f  b a c t e r i a  from  tom ato  le a v e s
Number o f  CPU a t  a d i l u t i o n  o f  10^
Homogenizer f o r P e s t le  and m o rta r f o r
4 m ins. 2 m ins.
50 62
Sample A 62 60
45 46
X 52 56
73 71
Sample B 70 59
52 55
X 65 62
The num bers a re  th e  means o f  CPU o f  th e  l a s t  d i l u t io n
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F ig . 2 . Tomato l e a f  g row th  ex p re sse d  a  lo g  l e a f  le n g th
a s  a  fu n c t io n  o f  tim e
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a  : The f i r s t  two le a v e s  o f  3 -4  t r u e  l e a f  s ta g e  p la n ts
b : The two y o u n g e s t w e ll  expanded le a v e s  o f  10-11 t r u e  
l e a f  s ta g e  p la n t s
c ; In  p a r e n th e s i s  th e  r a t i o  o f  young and o ld  l e a f  g row th
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The u p p er and th e  low er s u r f a c e s  o f  th e  le a v e s  were in o c u la te d  
s e p a r a te ly  to  n o te  any d i f f e r e n c e  in  b a c t e r i a l  s u r v iv a l .
One t r e a tm e n t c o n s is te d  o f  p la n ts  w ith  l e a f l e t s  m a in ta in ed  in  m o is t 
c o n d i t io n s  f o r  12-15 h o u rs  by sp ra y in g  them l i g h t l y  w ith  SDW e v e ry
2-3 h o u rs . P la n t s  were in o c u la te d  w ith  a b a c t e r i a l  su sp e n sio n  o f  
5 .2  X 10^ CFU/ml and l e f t  to  d ry .  They were th e n  p la c e d  in  th e  
p l a s t i c  cage w ith  RH more th a n  90%. D uring  th e  c o u rse  o f  th e  
exp erim en t th e  te m p e ra tu re  ranged  from  14-30° C. F iv e  p o ts  w ere 
used f o r  eac h  t r e a tm e n t  e x c e p t f o r  th o se  w ith  "young" l e a f l e t s  where 
12 p o ts  w ere u s e d . T hree sam ples from  "young" l e a f l e t s  and fo u r  
from a l l  th e  o th e r  t r e a tm e n ts  were removed f o r  a s s a y  and th e  r e s u l t s  
com bined. B a c t e r i a l  p o p u la tio n s  w ere d e te rm in ed  im m ed ia te ly  a f t e r  
th e  in o c u la te d  p la n t s  had d r ie d  and th e n  a t  1, 3 , 5 , 10 and 15 d a y s . 
R e s u lts  a r e  g iv e n  in  F ig .  3 .
E xperim ent B
In  o rd e r  t o  s tu d y  th e  e f f e c t  o f  RH upon b a c t e r i a l  s u r v iv a l  h a l f  o f  
th e  "o ld "  tom ato  p la n t s  were l e f t  on th e  g la ssh o u se  benches and 
h a l f  in  th e  p l a s t i c  cage  f o r  th e  d u ra tio n  o f  th e  ex p erim en t (20 
d a y s ) .
To s tu d y  th e  e f f e c t  o f  m o is tu re  and in ju r y  on b a c t e r i a l  s u r v iv a l ,  on 
th e  10th  day a f t e r  b a c t e r i a l  p o p u la t io n s  had been l ie te rm in e d , h a l f  
th e  l e a f l e t s  o f  th e  tom ato  p la n t s  w ere k e p t m o is t f o r  12-15 h o u rs  
by s p ra y in g  th e  le a v e s  from  a d is ta n c e  o f  10 cm w ith  SDW c o n ta in in g  
a  l i t t l e  carborundum . By t h i s  method l e a f  tr ich o m es  w ere i n j u r e d .
In  o rd e r  t o  s tu d y  th e  s u r v iv a l  o f  £ .  m ich iganense  on non-hom ologous 
h o s ts ,  one-m onth o ld  beans (P h aseo lu s  v u lg a r i s  L .)  and a n t ir rh in u m s  
(A n tirrh in u m  m o le ) p la n t s  were in o c u la te d .  The l a t t e r  s p e c ie s  was 
chosen b ecau se  i t  h a s  v e ry  p u b escen t le a v e s .
6The inoculum  was a t  a  c o n c e n tra t io n  o f  8 .3  x  10 CFU/ml. A t 0 , 1,
3 , 5 , 7 , 10, 11 , 13, 15 and 20 days fo u r  sam ples from tom ato  and 
th r e e  from  beans and a n tir rh in u m s  w ere ta k en  and th e  b a c t e r i a l  
p o p u la tio n s  d e te rm in e d . R e s u lts  a r e  shown in  F ig s .  4 and 5 .
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F ig . 3 . S u r v iv a l  o f  C. m ich ig an en se  on tom ato  le a v e s  
(RH 90%; T em peratu re  14-30° C)
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a : In  t h i s  t r e a tm e n t  th e  u p p er s u r fa c e  o f  th e  le a v e s  were k e p t 
m o is t  f o r  12-15 h o u rs  a f t e r  in o c u la t io n  (d o tte d  l i n e )
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E xperim ent C
In  o rd e r  to  s tu d y  th e  e f f e c t  o f  te m p e ra tu re  on b a c t e r i a l  s u r v iv a l  on 
tom ato  le a v e s ,  ex p erim en t B, w here th e  te m p era tu re  v a r ie d  g r e a t ly ,  
was re p e a te d  a t  c o n s ta n t  te m p e ra tu re .  Tomato p la n ts  a t  s im i la r  
grow th s ta g e s  a s  in  ex p e rim en t B were p la ced  in  a  grow th chamber 
a t  te m p e ra tu re s  s ta n d a rd is e d  a t  17° C, 31° C and 25° C. TheRH
was a d ju s te d  a t  90%, e x c e p t f o r  th e  experim en t a t  25° C w here,
because o f  te c h n ic a l  p roblem s w ith  th e  grow th c a b in e t ,  th e  RH was 
50-60%. In  t h i s  e x p e rim e n t, f i v e  sam ples f o r  each  tre a tm e n t were 
ta k en  from  each  p o t .  The in o c u la  were a t  c o n c e n tra t io n s  5 .6 -9 .5  x 10  ^
CFU/ml and sam ples were ta k e n  a t  0 , 1, 3 , 5 , 10, 11, 15 and 20 days
a f t e r  in o c u la t io n .  The r e s u l t s  a r e  g iv en  in  F ig .  6 .
4 .7 .3  R e s u lts
The r e s u l t s  o f  ex p erim en t A (F ig . 3) showed th a t  in  th e  c o n d it io n s  
o f  th e  ex p erim en t (h ig h  RH) b a c t e r i a l  p o p u la tio n s  in c re a s e d  more in  
"young" th a n  in  "o ld "  p l a n t s ,  and on le a v e s  t h a t  were k e p t m o is t 
f o r  12-15 h o u rs . In  th e  l a t t e r ,  th e  b a c t e r i a l  number s tay ed  a t  th e  
same l e v e l  o r d e c re a se d  s l i g h t l y  th e  f i r s t  day and th en  in c re a s e d  
f o r  te n  days a s  on "young" le a v e s ,  a f t e r  which th e y  s ta y e d  c o n s ta n t .  
There was no s i g n i f i c a n t  d i f f e r e n c e  between b a c t e r i a l  s u r v iv a l  on 
u pper and low er s u r f a c e s .  In  b o th , th e  in c re a s e  o f  b a c te r ia  l a s t e d  
f o r  f iv e  days*^ ,
In  ex p erim en t B th e  r e s u l t s  (F ig s .  4 and 5) showed t h a t  on ly  b a c t e r i a  
on tom ato  le a v e s  under h ig h  RH in c re a s e d .  B a c te r ia  on tom ato 
le a v e s  u nder c o n d i t io n s  o f  low  RH d ec re a se d  s l i g h t l y  o r s ta y e d  
c o n s ta n t  (F ig s .  4 and 5 ) .  In  b o th  t r e a tm e n t,  when th e  le a v e s  were 
in ju r e d  and were k e p t m o is t f o r  12-15 h o u rs , th e  b a c t e r i a l  p o p u la tio n  
in c re a s e d  c o n s id e ra b ly  and in  p la n t s  under h ig h  RH a  few sm a ll s p o ts  
were o b se rv ed . I t  m ust be s t r e s s e d  t h a t  d is c s  were from le a v e s  
w ith o u t s p o ts  o r  from a re a s  f a r  from  th e  s p o ts .  On a n t ir rh in u m , th e  : 
b a c t e r i a l  p o p u la tio n  d e c re a se d  a b ru p t ly  and b a c t e r i a  su rv iv e d  on ly  
f o r  th r e e  days (F ig . 4 ) .  On beans th e  b a c te r ia  s u rv iv e d .d u r in g  th e  
c o u rse  o f  th e  ex p erim en t b u t b a c t e r i a l  p o p u la tio n  was d e c re a s in g  in  
e v e ry  sam ple .
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F ig . 4 . S u r v iv a l  o f  C. m ich ig an en se  on tom ato , bean and
a n t ir rh in u m  le a v e s
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Fig. 5 S u r v iv a l .o f  C, m ich iganense  on tom ato le a v e s  in  h igh  
and in  low RH; and a f t e r  wounding on th e  10th day
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The r e s u l t s  o f  ex p erim en t C (F ig . 6) showed s l i g h t l y  b e t t e r  b a c t e r i a l  
s u r v iv a l  a t  17° C th a n  a t  31° C. B a c te r ia  showed th e  same g e n e ra l 
tr e n d  a s  in  ex p erim en t B. B a c t e r i a l  num bers in c re a s e d  fo r  te n  days 
and th e n  s ta y e d  c o n s ta n t .  At 25° C, where th e  tom ato p la n ts  were 
under low RH (50-60%) th e  b a c t e r i a l  p o p u la tio n  s ta y e d  th e  same o r 
d e c re a se d  s l i g h t l y .  In  a l l  th e  t r e a tm e n ts ,  when th e  le a v e s  were
damaged and k e p t m o is t ,  b a c t e r i a  m u l t ip l ie d  and sm all s p o ts  were 
observed  a t  
e x p e r im e n t.
17° C and 31° C a s  a f t e r  5 -8  days in  th e  p rev io u s
At 31° C, a f t e r  m o is te n in g  th e  p l a n t s ,  th e  sam pling  gave many 
sa p ro p h y te s  t h a t  in h ib i te d  th e  m easu rin g  o f  th e  su rv iv ed  pathogen 
in  two o f  th e  f iv e  p o ts  in  th e  su b se q u e n t sa m p lin g s .
4 .7 .4  D isc u ss io n
From th e  r e s u l t s  o f  ex p erim en t A, i t  was shown t h a t  "young" le a v e s  
su p p o rted  b e t t e r  s u r v iv a l  o f  C. m ich ig an en se  th an  "o ld "  ones (F ig .
Young le a v e s  have more tr ic h o m e s  t h a t  c o u ld  su p p o rt b a c t e r i a l  
s u r v iv a l .  Leben (1969) found more b a c t e r i a  a t  th e  base o f  tr ich o m es 
and S ch n e id e r and Grogan (1977b) r e p o r te d  t h a t  tom ato l e a f  tr ich o m es 
se rv e  a s  a  m ajor h a b i t a t  f o r  s u r v iv a l  o r  r e s id e n t  p o p u la tio n  o f 
P . tom ato  d u r in g  d ry  c o n d i t io n s .
E ctodesm ata , m inu te open ings th ro u g h  th e  e p id e rm a l c e l l s ,  a re  
abundan t in  d e p re s s io n s  betw een l e a f  ep id e rm a l c e l l s  and on th e  base  
o f  l e a f  h a i r s  (B ra n ts , 1971)* In  th e s e  p la c e s  more b a c t e r i a l  
n u t r i e n t s  may be a v a i l a b l e ,  and b a c t e r i a  a r e  p ro te c te d  from ra p id  
d ry in g . In d e e d , s tu d ie s  w ith  SEM on developm ent o f  f o l i a g e . s p o t s  
fo llo w in g  sp ray , in o c u la t io n  (C h ap te r 8) showed m o s t,o f  th e  b a c t e r i a l  
p o p u la tio n  in  th e  above p la c e s .
On le a v e s  t h a t  s ta y e d  m o is t f o r  th e  f i r s t  12-15 h ou rs a f t e r  in o c u la t io n  
th e  £ .  m ich iganense  p o p u la tio n  a t  th e  f i r s t  day was s l i g h t l y  d ec re a se d  
and th e n  in c re a s e d  c o n s id e ra b ly  (F ig .  3 ) .  I t  seems t h a t  w ater 
su sp e n sio n  showed a t  f i r s t  some b a c t e r i c i d a l  a c t io n  b u t l a t e r  i t  
h e lp ed  sm a ll in f e c t io n s .
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Fig. 6. Survival of C, michiganense on tomato leaves at
17° C, 25° C and 31° C (RH 90%)
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On th e  u p p er s u r fa c e  o f tom ato  le a v e s  b a c t e r i a l  s u r v iv a l  was b e t t e r  
b u t n o t  s i g n i f i c a n t l y  d i f f e r e n t  (F ig . 3 ) ,  a lth o u g h  th e  upper 
s u r fa c e  h as  l e s s  tr ich o m es and s to m a ta .th a n  th e  low er s u r f a c e .
T h is  may be p a r t l y  due to  th e  b ig  v a r i a t io n  o f  p o p u la tio n  t h a t  th e  
sam ples showed. No d if f e r e n c e  was found in  s u r v iv a l  o f  £ .  lachrym ans 
on a b a x ia l  and a d a x ia l  l e a f  s u r f a c e s  o f  cucumber le a v e s  by Haas and 
Rotem (1976) who a l s o  r e p o r te d  b e t t e r  b a c t e r i a l  s u r v iv a l  o f  th e  
pathogen  on i t s  h o s t th a n  on p o ta to  and p ea r le a v e s .  The r e s u l t s  o f  
ex p erim en t B (F ig . 4) a g re e  w ith  th e  above r e s u l t s .
S u rv iv a l  o f  £ .  m ich iganense was b e t t e r  on i t s  h o s t  tom ato th an  on 
n o n -h o s t bean and a n t ir rh in u m . E rc o la n i  (1969a) a r t i f i c i a l l y  in f e c te d  
c h e r ry  and p e a r p la n ts  w ith  e i t h e r  a  c h e r ry  s t r a i n  o f  P . morsprunorum 
o r a  p e a r  s t r a i n  o f  s y r in g a e . These b a c t e r ia  f a i l e d  to  c o lo n is e  
th e  l e a f  s u r fa c e  o f th e  n o n -h o s t p la n t s  and on ly  became e s ta b l i s h e d  
on le a v e s  o f  t h e i r  n a t u r a l  h o s t s .  C a fa t i  and S a e t t l e r  (1980) 
r e p o r te d  t h a t  p la n ts  showing d i f f e r e n t  d eg ree s  o f  r e s i s ta n c e  su p p o r t 
d i f f e r e n t  num bers o f  r e s id e n t  p a th o g e n s . I t  seems t h a t  b a c t e r i a l  
pa th o g en s on h o s t  p la n ts  f in d  th e  a p p ro p r ia te  c o n d i t io n s  f o r  
s u r v iv a l  and m u l t ip l i c a t io n .  The unex p ec ted  r e s u l t s  o f  b e t t e r  
s u r v iv a l  on bean le a v e s  th a n  on a n t ir rh in u m , even i f  th e  l a t t e r  has 
many more tr ic h o m e s , may be due t o  th e  f a c t  t h a t  th e  dense trichom e 
p a t t e r n s  form  a  mesh which c o m p le te ly  " b la n k e ts "  th e  l e a f  s u r fa c e  
(H ollow ay, 1971). In d eed , th e  o r i g i n a l  inoculum  was c o n s id e ra b ly  
l e s s  on a n tir rh in u m  th a n  on bean and tom ato le a v e s .  A lso , in  th e  
bean le a v e s ,  sm a ll h y p e r s e n s i t iv e  r e a c t io n s  m ight have tak en  p la c e  
(H assan e t  a l . ,  1968).
The r e s u l t s  o f  ex p erim en t B (F ig s .  4 and 5 ) ,  a s  w e ll a s  th e  r e s u l t s  
o f  ex p e rim en t C, where th e  RH a t  25° C was 40-60%, showed th e  
im po rtan ce  o f  r e l a t i v e  h u m id ity . High RH su p p o rted  b e t t e r  s u r v iv a l  
th an  low RH. P ro b ab ly , in  h ig h  RH, th e  b a c t e r i a l  d e s ic c a t io n  i s  
s lo w er and th e  b a c t e r i a ,  m o s tly  in  p ro te c te d  s i t e s ,  e n te r  th e  
h y p o b io tic  s t a t e  more s lo w ly . The m etabo lism  Of h y p o b io tic  c e l l s  
i s  s low  and th e  c e l l s  a r e  more l i k e l y  t o  su rv iv e  th e  p h y s ic a ls  and 
ch em ica l s t r e s s e s  (Leben, 1974). On th e  o th e r  hand , S leem an.and 
Lebèn (1976) r e p o r te d  t h a t  d r ie d  C. m ich iganense  c e l l s  and  other
109
b a c t e r i a  have b e t t e r  s u r v iv a l  a t  low te m p e ra tu re  and a t  low RH (34%). 
T h is  may have r e s u l t e d  from  d im in ish ed  n u t r i e n t  r e s e r v e s .  High RH 
co u ld  a l s o  i n a c t i v a t e  u l t r a v i o l e t  (UV) ra y s  in  s u n l ig h t  w hich k i l l  
exposed b a c t e r i a  (R ile y  and Kaufman, 1972). The r e s u l t s  a g re e  w ith  
th e  r e s u l t s  in  C hap ter 4 .6  where tra n s m is s io n  o f  £ .  m ich iganense 
from seed  t o  s e e d l in g  was g r e a t e r  in  h ig h  RH and a l s o  th e  r e s u l t s  
r e p o r te d  by Leben (1965b) and by F ryda and O tta  (1 9 7 8 ).
The r e s u l t s  o f  ex p erim en t C (F ig . 6) f a i l e d  t o  show any  s i g n i f i c a n t  
d i f f e r e n c e  in  grow th o f  th e  r e s i d e n t  p o p u la tio n  o f  £ .  m ich iganense 
betw een 17° C and 31° C, th e  s u r v iv a l  in  th e  l a t t e r  te m p e ra tu re  
b e in g  s l i g h t l y  b e t t e r .  T hat th e  p o p u la tio n  o f  £ .  m ich iganense  a t  
25° C s ta y e d  th e  same o r  d e c re a se d  was due t o  low RH w hich, f o r  
t e c h n ic a l  r e a s o n s , rem ained  u n d er 40-60%. Had th e  RH been h ig h , 
th e  cu rv e  o f  b a c t e r i a l  g row th  would p ro b ab ly  have been d i f f e r e n t  
from  th e  o th e r  te m p e ra tu re s .  T h is  does n o t a g re e  w ith  S ch n e id e r 
and Grogan (1977a) who r e p o r te d  t h a t  P. tom ato  p o p u la t io n s  were 
red u ced  to  low l e v e l s  a t  32°C, even when f r e e  m o is tu re  was m a in ta in ed  
f o r  48 h o u r s , n o r  w ith  F ryda and O tta  (1978) who r e p o r te d  t h a t  
£ .  s y r in g a e  moved from  seed  to  s e e d l in g s ,  a t  a  s i g n i f i c a n t l y  h ig h e r  
p e rc e n ta g e , a t  10° C r a t h e r  th a n  a t  16° C o r 22° C. On th e  o th e r  
hand , Haas and Rotem (1976) r e p o r te d  b e t t e r  s u r v iv a l  a f t e r  d ry in g  
o f  £ .  lach rym ans on cucumber le a v e s  a t  25° C th a n  a t  10° C. A lso , 
Young e t  a l . , (1977) r e p o r te d  t h a t  te m p e ra tu re  i s  n o t  a  l im i t in g
f a c t o r  o f  g row th  f o r  £ .  s y r in g a e  and Xanthomonas p r u n i .
The r e s u l t s  o f  e x p e rim en ts  B and G (F ig s .  5 and 6^ showed t h a t  f r e e  
w a te r  (ex p e rim e n t A a l s o )  and in ju r y  had a  v e ry  é e t r ^ e n t â l  e f f e c t  
on s u r v iv a l  o f  £ .  m ie h ig a n e n se . B a c te r ia  in  t h i s  tr e a tm e n t 
m u l t ip l ie d  and even sm a ll s p o ts  were developed  a f t e r  5 -7  d a y s , where 
b a c t e r i a  on le a v e s  n o t  m is ted  and n o t wounded, s ta y e d  th e  same o r 
d e c re a se d . I t  i s  assumed t h a t  th e  b a c t e r i a l  in c r e a s e  in  th e se  
e x p e rim e n ts  was due t o  r e s t r i c t e d  in f e c t io n s  a s  i t  was found many 
tim e s  i n  th e  s tu d ie s  w ith  SEM (C hap ter 8 ) .  S m all i n f e c t io n  co u ld  
e x p la in  th e  b e t t e r  s u r v iv a l  o f  £ .  m ich iganense  in  young le a v e s .
Young le a v e s  a r e  s u s c e p t ib le  t o  wounding and su b se q u e n t m e ta b o lic  
d is tu r b a n c e .  Such wounds a r e  th e  m ost im p o r ta n t meahs o f  e n t ry  o f
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th e  b a c t e r ia  and u s u a l ly  o ccu r a t  th e  base o f  tr ich o m es  a s  d is c u s s e d  
in  C hap ter 8 . P anopoulos and S ch ro th  (1974) dem o n stra ted  t h a t  
s e v e r a l  m in u tes  o f  f r e e  m o is tu re  a re  s u f f i c i e n t  to  a l lo w  p e n e t r a t io n  
in  bean le a v e s  by £ .  p h a s e o l i c o la . F ree  w ate r and in ju r y  a l s o  
in c re a s e  le a c h in g  o f  in o rg a n ic  m a te r ia l  (Turkey and Morgan, 1963).
W ater d is s o lv e s  th e  n u t r i e n t s  on th e  s u r fa c e  o f  th e  p la n t  w hich a re  
used  by th e  b a c t e r i a .  I t  seems th a t  m o is tu re  p ro v id e s  th e  n e c e s s a ry  
env ironm ent f o r  b a c t e r i a l  m u l t ip l i c a t io n ,  b u t on th e  o th e r  hand .
Young (1978) su g g e s te d  t h a t  th e  l e a f  s u r fa c e  v a r i e s  th u s  p ro v id in g  
s t im u la to ry  and i n h i b i to r y  c o n d i t io n s  depending  upon m o is tu re  l e v e l s .
In  d ry  c o n d i t io n s ,  d e s ic c a t io n  and th e  c o n c e n tra t io n  o f  in h i b i to r y  
f a c t o r s  may red u ce  b a c t e r i a l  p o p u la tio n s  on l e a f  s u r f a c e s . t o  v e ry  
low l e v e l s .  S u b se q u e n tly , m o is tu re  would be r e q u ire d  bo th  t o  
t r a n s p o r t  b a c t e r i a  from  s i t e s  where th e y  have su rv iv e d , and t o  low er 
c o n c e n tra t io n s  o f  i n h i b i t o r y  m a te r ia ls  on l e a f  s u r fa c e s  to  a llo w  
g row th . R ide e t  a l . (1978) a l s o  r e p o r te d  t h a t  in h ib i to r y  su b s ta n c e s  
were e x c re te d  by e p id e rm ic  c e l l s  o f  s t i p u l e s  o f  p o p la r  p l a n t s ,  
a g a in s t  Xanthomonas p o p u l i . The b a c te r ic id e  a c t i v i t y  o f  th e  w a te r  
o f  exp erim en t A c o u ld  be e x p la in e d , a t  l e a s t  p a r t i a l l y ,  w ith  th e  
view  o f  th e  ab o v e . The r e s u l t s  o f  th e  ex p erim en ts  a g re e  w ith  
S ch n e id e r and Grogan (1977a, b) who found t h a t  f r e e  w a te r in c re a s e d  
th e  " r e s id e n t"  p o p u la tio n  o f  P . tom ato  on n o n - in ju re d  tom ato  le a v e s .
The r e s u l t s  showed t h a t  £ .  m ich iganense c e l l s ,  a lth o u g h  n o n -sp o re  
fo fm in g , in  common w ith  o th e r  p a th o g en ic  b a c t e r i a  a re  t o l e r a n t  o f  
d e s ic c a t io n  and s u rv iv e  f o r  r e l a t i v e l y  long  p e r io d s , even u n d er d ry  
c o n d i t io n s .  B a c t e r i a l  ex u d a te  ooze o r s lim e  h as  been c o n s id e re d  
a s  o f f e r in g  p r o te c t io n .  £ .  m ich iganense  p roduces e x t r a c e l l u l a r  
p o ly s a c c h a r id e s  (C h ap te r 7 ) .  H edrick  (1956) r e p o r te d  t h a t  16 s p e c ie s  
o f  pa thogens in  th e  f i v e  p a th o g en ic  g en e ra  produce ex u d a te  on m edia 
c o n ta in in g  su c ro se  o r g lu c o se  in  b a s a l  c a s e in  h y d ro ly s a te . I t s  
h ig h  w a te r h o ld in g  c a p a c i ty  may a id  b a c t e r i a l  s u r v iv a l  d u r in g  
u n fa v o u ra b le  c o n d i t io n s  and s e a s o n s . For exam ple , Xanthomonas 
p h a s e o l i , s u rv iv e d  in  e x u d a te  f o r  a s  lo n g  a s  1325 days, u n d er a  
v a r i e ty  o f  c o n d i t io n s  (Leach e t  a l . , 1957) and Rosen (1938) r e p o r te d  ; 
E . am ylovara s u r v iv a l  f o r  610 days in  d ry in g  c o n d i t io n s  and he co n c lu d ed  
t h a t  p re se n c e  o r  ab sen ce  o f  c a p s u le s  in f lu e n c é s  th e  lo n g e v i ty  o f  .
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The ex p e rim en ts  proved " r e s id e n t"  s u r v iv a l  o f  C. m ich iganense  
f o r  20 days and v i a b i l i t y  can  l a s t  f o r  two months o r more (d a ta  
n o t  g iv e n ) .  T hus, t h i s  " r e s id e n t"  s u r v iv a l  o f  £ .  m ich iganense cou ld  
o f f e r  so u rc e s  f o r  secondary  i n f e c t i o n s  when c o n d i t io n s  a re  
fa v o u ra b le .
4 .8  S u rv iv a l  in  W ater
4 .8 .1  In tro d u c t io n
R ep o rts  on b a c t e r i a l  s u r v iv a l  i n  w a te r  a s  m entioned  in  c h a p te r  2 .1
a re  c o n t r a d ic to r y .  For £ .  m ic h ig a n e n se , S t r i d e r  (1967) r e p o r te d
t h a t  th e  organ ism  d ie s  r a p id ly  i n  d i l u t e  aqueous su sp e n sio n s  b u t
s u rv iv e s  f o r  a  lo n g  tim e in  heavy s u s p e n s io n s .  Thyr (1968b) found 
6t h a t  a  10 CFU/ml d i l u t i o n  o f  £ .  m ich ig an en se  r e s u l t e d  in  d e a th  o f
a l l  c e l ls .s o m e  tim e betw een 24 and 168 h o u rs . Aqueous d i l u t i o n s  o f 
410 CFU/ml o r  l e s s  r e s u l t e d  in  d e a th  o f  a l l  c e l l s  w ith in  6 to  24 
h o u rs .
In  ex p e rim e n ts  d e s c r ib e d  e a r l i e r  ( c h a p te r  2 .3 .3 )  i t .w a s  found t h a t  
£ .  m ic h ig a n e n se , £ .  p h a s e o l i c o la , £ .  s y r in g a e  and th e  sap ro p h y te  
£ .  a e ru g in o s a ,■when suspended in  SDW, showed o n ly  a  s l i g h t l y  d e c re a se d  
p o p u la tio n  in  3 h o u rs , and i t  was d e c id e d  to  p re p a re  b a c t e r i a l  
su sp e n s io n s  in  SDW, However, b eca u se  no  d e t a i l e d  work c o u ld  be 
found in  th e  l i t e r a t u r e  on th e  s u r v iv a l  o f  C. m ich iganense f o r  long  
p e r io d s  o f  tim e , and because  s u r v iv a l  in  w a te r  f o r  a  lo n g  tim e would 
mean t h a t  th e  organ ism  co u ld  be d is s e m in a te d  w ith  d i f f e r e n t  k in d s  
o f  w a te r in g ;s y s te m s , e .g .  r a i n  o r  dew, i r r i g a t i o n  w a te r q r w a te r 
used  f o r  s p ra y in g ,  e x p e rim en ts  w e re . c a r r i e d  o u t t o  f in d  o u t how 
b a c t e r i a  s u rv iv e  in  w a te r and to  s tu d y  f a c t o r s  t h a t  co u ld  in f lu e n c e  
s u r v iv a l  in c lu d in g  b a c t e r i a l  c o n c e n t r a t io n ,  te m p e ra tu re  and a e r a t io n  
o f  b a c t e r i a l  su sp e n s io n .
4 .8 .2 .  M a te r ia ls  and Methods
T h e ^ s tra in  G.2 o f  £ .  m ich iganense  from  a  s to c k  c u l tu r e  was used  in  a l l
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th e  e x p e r im e n ts . W ith th e  e x c e p tio n  o f  th e  f i r s t  e x p e rim e n t, two ■ = 
s e t s  o f  t e n - f o l d  d i l u t i o n s ,  from  10? to  10® CFU/ml:were p rep a red  in  '
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SDW a s  d e s c r ib e d  in  C hap ter 9 . Two ml o f  b a c t e r i a l  su sp e n sio n  were 
t r a n s f e r r e d  to  18 ml o f  SDW in  th o ro u g h ly  c le a n e d  s t e r i l e  Mac 
C artn ey  b o t t l e s .  One s e t  o f  d i f f e r e n t  c o n c e n tr a t io n s  was k e p t a t  
RT and th e  o th e r  a t  4 °  C. The v ia b le  c o lo n ie s  from each 
c o n c e n tra t io n  were co u n ted  a f t e r  p l a t in g  a t  0 , 1, 2 , 3 , 4 , 5 , 6 , 
and 7 d ay s . T h is  ex p erim en t was r e p e a tè d  fo u r  tim es  fo r  RT and 
th r e e  tim es  fo r  th e  s e t  k e p t a t  4° C. S u b se q u e n tly , th e  ex p erim en t 
was expanded in  o rd e r  to  f in d  th e  maximum s u r v iv a l  tim e o f  '
£ .  m ich ig an e n se . C ounts were made a t  0 , 7» 14» 2 1 , 30 days and 
th e n  ev e ry  30 days up to  240 d a y s . The r e s u l t s  o f  th e  above 
ex p e rim en ts  a re  p re se n te d  a s  lo g  o f  mean p e rc e n ta g e  s u r v iv a l  f o r  
e%ch o f  th e  ex p erim en ts  a g a in s t  tim e  (see  F ig s .  7 and 8 ) .  For 
c l a r i t y ,  r e s u l t s  f o r  10^ d i l u t i o n  a t  RT have been e m itte d  from  
th e s e  f i g u r e s .  T h is  in fo rm a tio n  i s  p re s e n te d  in  th e  A ppendices 
4 - 7 .
B ecause th e  r e s u l t s  o f  th e  above ex p e rim en ts  showed b ig  v a r i a t io n s  
in  s u r v iv a l  (see  Appendix 4 -7 )  and some d i l u t i o n s  produced v a r i a n t s ,  
a n o th e r  ex p erim en t was c a r r i e d  o u t .  From th e  i n i t i a l  su sp e n sio n  
p re p a re d  a s  p re v io u s ly ,  12 v i a l s  each  o f  th r e e  c o n c e n tr a t io n s ,
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1 .6  X  10 , 1 .6  X  10 and 1 .6  x 10 CFU/ml, w ere p re p a re d . One s e t  
from  each  c o n c e n tra t io n  was k e p t a t  RT and was a e r a te d  by le a v in g  
th e  l i d s  o f  th e  v i a l s  lo o s e ly  c lo s e d .  One s e t  was a l s o  k e p t a t  RT 
b u t th e  l i d s  o f  th e  v i a l s  were t i g h t l y  c lo s e d ,  and a n o th e r  s e t  was 
k e p t a t  4° C. Thus ev e ry  t r e a tm e n t  c o n s is te d  o f  fo u r  v i a l s .  A f te r  
i n i t i a l  p la t in g  to  f in d  th e  e x a c t  number o f  v ia b le  c e l l s ,  th e  n e x t 
was exam ined a f t e r  one m onth. T ab le  12 shows th e  r e s u l t s  a s  
p e rc e n ta g e  s u r v iv a l .
4 .8 .3 .  R e s u lts  and D isc u ss io n  .
The r e s u l t s  (F ig s .  7# 8 and T ab le  12) showed t h à t  £ .  m ich iganense 
s u rv iv e s  in  SDW and i t s  s u r v iv a l  depends on th e  te m p e ra tu re . Even 
c o n c e n tr a t io n s  a s  low a s  10^ CFU/ml su rv iv e d  f o r  up t o  fo u r  days, 77
■o. - , - ' - -
C o n c e n tra tio n s  o f  10 CFU/ml s u rv iv e d  f o r  up to  f iv e  days a t  RT and i 7'^ ' 
up to  seven  days a t  4 °  C. (C o n c e n tra tio n s  o f  10 CFU/ml s u rv iv e d  :
u p  t o  21 d ay s  i n  th e  f i r s t  ex p erim en t (F ig s .  7 and 8) and up t o  ; 77!^^
7 -  : r  -  .  ^ ' --V -
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Fig. 7» Survival of C, michiganense in SDW at 4 C and RT
( 0 - 7  days)log ®/o
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Fig. 8. Survival of £, michiganense in SDW at 4° C and RT
(0 - 210 days)
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30 days in  th e  ex p erim en t shown in  T ab le 12. C o n c e n tra tio n s  o f
10^ CFU/ml su rv iv e d  up to  30 d ay s  a t  RT and up to  60 days a t  4 °  C.
7
C o n c e n tra tio n s  o f  10 CFU/ml s u rv iv e d  up to  150 days a t  bo th
te m p e ra tu re s  b u t th e  cu rv e  o f  p o p u la tio n  d e c l in e  was more a b ru p t
8a t  RT. C o n c e n tra tio n s  o f  10 CFU/ml su rv iv e d  up t o  s ix  months a t
RT and seven  months a t  4 °  C. C. m ich iganense  su sp e n sio n  o f  more
th an  2 x 1 0 ^  CFU/ml k e p t a t  RT and 4° C su rv iv e d  f o r  more th a n  one
y e a r .  A lthough in  a l l  th e  e x p e rim e n ts  th e  h ig h e r  th e  inoculum
c o n c e n tra t io n  and th e  low er th e  te m p e ra tu re , th e  b e t t e r  th e
s u r v iv a l ,  a n a ly s i s  o f  v a r ia n c e  o f  th e  r e s u l t s  in  T able 12 showed
th a t  o n ly  th e  tre a tm e n t w ith  inocu lum  a t  th e  h ig h e r  c o n c e n tra t io n
o f  10^ CFU/ml, k e p t a t  4 °  C, was s i g n i f i c a n t l y  d i f f e r e n t .  The
c o e f f i c i e n t  o f  v a r i a b i l i t y  o f  th e  ex p erim en t shown in  Table 12
reac h ed  167%. In  th e  e x p e rim e n t in  F ig s .  7 and 8 , s u r v iv a l  o f
2
c o n c e n tr a t io n s  a t  10 CFU/ml v a r ie d  from  one to  fo u r  d ays,
3
c o n c e n tr a t io n  o f  10 CFU/ml from  fo u r  t o  seven  d a y s , and so  on.
The v a r i a b i l i t y  o f  b a c t e r i a l  s u r v iv a l  i s  p ro b ab ly  caused  by th e  f a c t  
t h a t  th e  r a t e  o f  b a c t e r i a l  g row th  i s  n o t  u n ifo rm .
T h is  was a  v e ry  u s e f u l ,  though  t e d io u s ,  s e r i e s  o f  ex p erim en ts  on 
b a c t e r i a l  s u r v iv a l .  The r e s u l t s  showed b e t t e r  v i a b i l i t y  o f  
£ .  m ich iganense a t  low er c o n c e n tr a t io n s  th a n  th o se  re p o r te d  by 
S t r id e r  (1967) and Thyr (1968) and do n o t show th e  r a p id  and 
e x te n s iv e  d e s t r u c t io n  r e p o r te d  by G unter (1 9 5 4 )$ ^Stokes and Osborne 
(1 9 5 6 ), S tra k a  and S to k e s  (1956) f o r  £ .  f lo o r e s c e n s , P . a e ru g in o sa  
and o th e r  s a p ro p h y te s  o f  f o o d s . The r e s u l t s  a g re e  w ith  th o se  o f  
B a lla n ty n e  (1930 ), De M ello  e t  a l :  (1951) and S c h u s te r  e t  a l .  (1975) 
who r e p o r te d  t h a t  in c re a s e d  inocu lum  c o n c e n tr a t io n  and low 
te m p e ra tu re  h e lp  d i f f e r e n t  b a c t e r i a  t o  s u rv iv e  b e t t e r  in  aqueous 
s u sp e n s io n s . Basu (1970) r e p o r te d  t h a t  C. m ich iganense  can s u rv iv e  
a t  low te m p e ra tu re  in  s o i l .  Only Kelman (1956) r e p o r te d  b e t t e r  
v i a b i l i t y  f o r  a  b a c te riu m  (P . p h a s e o l i c o la ) a t  21° C th an  a t  5 °  C. 
S p an g le r and Winslow (1943) r e p o r te d  t h a t  a t  h ig h  c Q n c e n tra tip h s  
th e  amount o f  s n b s ta n c e s  le a c h in g  o u t o f  th e  b a c t e r i a l  c e l l s  
p r o te c t  v ia b le  c e l l s  and r e s u l t s  showed t h a t  th e  su p e rn a ta n t from  
a  heavy su sp e n s io n  had h ig h e r  c o n d u c t iv i ty  th a n  e i t h e r  g la s s  ^
I #
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d i s t i l l e d  w a te r  o r l i g h t  su sp e n s io n .
I t  was n o t ic e d  t h a t  th e  s to ra g e  o f  b a c t e r i a  in  w a te r and u s u a l ly  
a t  RT produced m u tan ts  (sm a ll b u ty ro u s  c o lo n ie s ) .  The r e s u l t s  o f  
th e  e x p e rim en t shown in  T able 12 showed t h a t  m u tan ts  a re  produced 
in  a l l  th e  tr e a tm e n ts  b u t many more (x 4) a t  RT and in  a e ra te d
s u sp e n s io n s . M utants have been o b served  by C a r ro l  and Lukezic
(1971a, b) f o r  C orynebacterium  in s id io s u m , S c h u s te r  e t  a l  (1975) 
and V idaver (1977) f o r  C. n e b ra s k e n s e , Kelman (1956) fo r  
P . so la n a c e a ru m , b u t he r e p o r te d  t h a t  a e r a t io n  o f  b ro th  c u l tu r e s  by 
sh ak in g  r e s u l t e d  in  d e c re a se  in  r a t e  o f  developm ent o f  v a r i a n t s .  
A lthough s to ra g e  o f  b a c t e r i a  in  w a te r  has been su g g es ted  by 
De Vay and S c h n a th o rs t  (1963) f o r  P . s y r in g a e  and A grobacterium  
tu m e fa c ie n s , Kelman and Person  (1961) f o r  so lan acearu m , S c h u s te r  
.Êi* (1975) f o r  £ .  n e b ra s k e n s e , th e  p ro d u c tio n  o f m u tan ts , which 
a re  a s s o c ia te d  w ith  th e  lo s s  o f  v i ru le n c e  (C h ap te r 2) makes th e  
method in a p p r o p r i a t e .
In  summary, some o f  th e  f a c t o r s  and re a s o n s  in f lu e n c in g  th e  
s u r v iv a l  t h a t  c o u ld . e x p la in  th e  r e p o r te d  c o n t r a d ic t io n s  c o n ce rn in g  
th e  s u r v iv a l  i n  w a te r a re  a s  f o l lo w s :
1. D i f f e r e n t  s p e c ie s  and even s t r a i n s  have d i f f e r e n t  a b i l i t y  to
s u rv iv e  (C hap ter 2 ) ;  S to k es  and Osborne (1 9 5 ^).
2 . The c o n c e n tr a t io n  o f  th e  b a c t e r i a l  su sp e n s io n .
3 . A e ra tio n  o f  th e  su sp e n s io n .
4 . T em p era tu re .
5 . The way o f  p re p a r in g  th e  su sp e n sio n  (age o f  c u l tu r e ,  
c e n t r i f u g e ,  d i l u e n t  o f  th e  s u s p e n s io n ) .
6 . The n a t u r a l  v a r i a b i l i t y  o f  th e  k in d  o f  e x p e r im e n ts .
N e v e r th e le s s ,  th e  r e s u l t s  s u g g e s t t h a t  £ .  m ich iganense may s u rv iv e  
and th u s  o v e rw in te r  and be d is se m in a te d  w ith  e v e ry  k in d  o f  w a te r 
t h a t  comes in  c o n ta c t  w ith  th e  tom ato  p la n t s .
A
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CHAPTER 5
FACTORS AFFECTING DISEASE DEVELOPMENT
5.1 In t r o d u c t io n
E nv ironm enta l f a c t o r s ,  a s  w e ll a s  th e  p h y s io lo g ic a l  c h a r a c t e r i s t i c s  
o f  th e  w hole p la n t  o r p a r t  o f  i t ,  a f f e c t s  d is e a s e  dev e lo p m en t. Thus 
th e  developm ent o f  b a c t e r i a l  can k e r o f  tom ato  i s  fav o u red  a t  an 
a i r  and s o i l  te m p e ra tu re  o f  28° C ( S t r i d e r ,  1969b). F o s te r  and 
E chandi (1973) a l s o  r e p o r te d  28° C a s  th e  m ost fa v o u ra b le  a i r  
te m p e ra tu re . K endrick  and W alker (1958) showed t h a t  tom ato  p la n t s  
p re d isp o se d  a t  an  a i r  and s o i l  te m p e ra tu re  o f  24° C, o r  h ig h  l i g h t  
i n t e n s i t y  o r a  s o i l  m o is tu re  o f  80%, succumbed to  can k e r r a p id l y .
The same a u th o rs  a l s o  r e p o r te d  t h a t  th e  d is e a s e  p ro g re s se d  more 
r a p id ly  a t  s o i l  pH 8 and l e a s t  r a p id ly  a t  pH 6 .5 .  O ther f a c t o r s  
t h a t  co u ld  in f lu e n c e  th e  co u rse  o f  th e  d is e a s e  in c lu d e  age o f  th e  
p la n t ,  s o i l  ty p e  and p a r t  o f  p la n t  i n f e c te d .  S tu d ie s  were c a r r i e d  
o u t o f  th e s e  th r e e  f a c t o r s .
5 .2  E f f e c t  o f  Age
Two s e t s  o f  te n  tom ato  p la n ts  ( v a r ie ty  G ren ad ie r)  were grown in  
4” d ia m ete r p l a s t i c  p o ts  a s  d e s c r ib e d  p re v io u s ly .  One s e t  was 
in o c u la te d  when th e  p la n t s  were 20 days o ld  a t  4 -6  " tru e  l e a f  s ta g e  
and th e  o th e r  s e t  when two months o ld  a t  9-12 t r u e  l e a f  s t a g e .
A £ .  m ich ig an en se  s t r a i n  G2 su sp e n sio n  a t  a  c o n c e n tra t io n  o f
2 .5  X 10® CFU/ml was used  a s  inocu lum . The p la n ts  were in o c u la te d  
w ith  a  s c a lp e l  p re v io u s ly  d ipped  in t o  inoculum * by c u t t i n g  th e  
f i r s t  t r u e  l e a f  a t  th e  p o in t  o f  a tta c h m e n t to  th e  stem . The wound 
was th e n  co v ered  w ith  PTFE ta p e .  A f te r  in o c u la t io n  th e  p la n ts  
were randbm ised  in  a  p l a s t i c  cage (RH h ig h e r  th a n  90%) in  a  g l a s s ­
h o u se , th e  te m p e ra tu re  ra n g in g  from  16° to  32° C. A f te r  20 days 
d is e a s e  developm ent was a s s e s se d  u s in g  th e  d is e a s e  r a t i n g  m entioned  
in  C hap ter 2 .2 .  D ata  and com parison a r e  shown in  T ab le  13.
b-
I,
■A
119
Table 1 3 . D isease  a sse ssm e n t f o r  20 days and 60 days o ld
tom ato p la n ts  and com parison  o f  means by th e  t  t e s t
D isease  R a tin g s
P la n t  No. 20 days 60 days
1 3 1
2 3 2
3 4 2
4 4 2
5 4 2
6 4 2
7 4 3
8 5 3
9 5 3
10 5 3
X 4 .1 2 .3
- X , 1 .7  _ 5
t  - 0 .316  ■
U n
^2 2
no
— ? —■ 2 
5 Z(Xi -  X. ) + Z (Xp -  X )
t  = 0 .5 = 2 .228
-.1
 ^ -lir-
1, * 
.  r  "
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The r e s u l t s  showed th e  mean d is e a s e  r a t i n g  o f  "young" and "o ld "  
p la n ts  to  be 4 .1  and 2 .3  r e s p e c t iv e ly .  U sing th e  s tu d e n t t  t e s t  
(F a s o u la s ,  1964) th e  d i f f e r e n c e  was found to  be s ig n i f i c a n t  a t  
P = 0 .0 5  l e v e l .
These r e s u l t s  a g ree  w ith  th o se  o f  S t r i d e r  (1970) who c la im s  t h a t  
th e  d isease -  r a t i n g  i s  p ro p o r t io n a l  to  th e  age o f  th e  p la n t  a t  
th e  tim e  o f  in f e c t io n .  F o s te r  and E chandi (1973) found s im i la r  
r e s u l t s  when th e y  were s c re e n in g  p la n ts  f o r  r e s i s t a n c e .  W alker 
and K end rick  (1948) a l s o  r e p o r te d  t h a t  th e  r a t e  o f  d is e a s e  
developm ent d e c re a se s  w ith  age o f  p la n ts  p ro v id ed  t h a t  th e  n u t r i e n t  
c o n c e n tr a t io n s  a re  c o n s ta n t .  E x p la n a tio n  o f  th e s e  r e s u l t s  may be 
t h a t  young t i s s u e s  a re  more s u c c u le n t and th e  b a c te r ia  th e re fo re  
m u l t ip ly  and sp re a d  more e a s i l y .  S im ila r  c o n c lu s io n s  have been 
made from  o th e r  ex p erim en ts  in  t h i s  c h a p te r .
5 .3  E f f e c t  o f  th e  S i t e  o f  I n f e c t io n
F iv e  s e t s  o f  te n  tom ato  p la n ts  ( v a r ie ty  G re n a d ie r)  were grown in  
4" d ia m e te r  p l a s t i c  p o ts  a s  d e s c r ib e d  p re v io u s ly .  The p la n ts  were 
a t  9-11 t r u e  l e a f  s ta g e  and a s  un ifo rm  a s  p o s s ib le .  A s t r a i n  G2
Q
£ .  m ich ig an en se  inoculum  a t  a  c o n c e n tr a t io n  o f  2 .9  x 10 CFU/ml 
was p re p a re d . The p la n ts  were in o c u la te d  u s in g  a  p a i r  o f  s c i s s o r s  
p re v io u s ly  d ipped  in t o  inoculum . The fo llo w in g  sequence o f  
in o c u la t io n s  were made so  t h a t  a l l  th e  tr e a tm e n ts  were perform ed 
u n d er s im i la r  c o n d i t io n s :
P la n t  1 : The second t r u e  l e a f  was c u t  a t  th e  p o in t  o f  a tta c h m e n t
t o  th e  stem  (S t 2 L ).
P la n t  2 : As above , b u t c u t t in g  th e  se v e n th  l e a f  when th e  f i r s t
was n o t  f u l l y  developed  (S t JL) .
P la n t  3 : The p e t io le  o f  th e  se v e n th  l e a f  was c u t  a t  a  d is ta n c e
c a .  0 .5  cm from  th e  stem  (Ça 0 .5  p ) .
P la n t  4 : The p e t io l e  o f  th e  se v e n th  l e a f  was c u t  a t  a  d is ta n c e
c a .  3 cm from th e  stem  (Ca 3 p ) .
P la n t  5 : The te rm in a l  l e a f l e t  o f  th e  se v e n th  l e a f  was c u t  in  ^ -j.'r
-  ' '  •
h a l f  (0 .5  LF). ;  ^ -
■ ■ .
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For each  t r e a tm e n t ,  te n  p la n ts  were in o c u la te d  and im m ed ia te ly  
p la ced  in  th e  p l a s t i c  cage where RH was h ig h e r  th an  90%. T hree 
days l a t e r  th e  p la n t s  were random ised  on th e  benches o f  th e  
g la ssh o u se  in  la r g e  t r a y s  and were s u b i r r ig a t e d .  The g la s sh o u se  
te m p e ra tu re  v a r ie d  from  16° to 3 7 °  C and th e  RH from  45-85%.
A fte r  35 days th e  d is e a s e  developm ent was a s se s se d  u s in g  th e  
d e sc r ib e d  d is e a s e  r a t i n g .  The r e s u l t s  were a n a ly se d  s t a t i s t i c a l l y  
and com parison  betw een tr e a tm e n ts  was made u s in g  K euls t e s t  
(Table 1 4 ).
As th e  r e s u l t s  show (T able 1 4 ), th e  d is e a s e  developm ent was more 
r a p id  w here th e  se v e n th  l e a f  o r  th e  p e t io le  o f  th e  s e v e n th  l e a f  
was c u t  a t  a  d i s ta n c e  o f  c a .  0 .5  cm f r a n  th e  stem . The d is e a s e  
p ro g re sse d  l e s s  r a p id l y  when th e  second l e a f  was c u t .  When th e  
te rm in a l  l e a f l e t  o f  th e  se v en th  l e a f  was c u t  th e  w i l t in g  d id  n o t  
p ro g re s s  f u r t h e r  th a n  t h i s  l e a f  even a f t e r  35 d ay s .
A lso , from  e x p e rim e n ts  where th e  in o c u la t io n  was c a r r i e d  o u t by 
sp ra y in g  th e  le a v e s ,  th e  d is e a s e  r a r e l y  o r v e ry  s lo w ly  p ro g re s se d  
from th e  s i t e  o f  i n f e c t i o n .  I t  would seem from th e  above t h a t  th e  
d is e a s e  developm ent depends on th e  s i t e  o f  i n f e c t io n .
T h is  i s  p ro b a b ly  due t o  th e  f a c t  t h a t  £ .  m ich iganense in g r e s s e s  
and sp re a d s  in  th e  xylem  and l a t e r  sp re a d s  l a t e r a l l y  o r  downwards 
(P in e , Grogan and H e w itt , 1955). The p ro g re s s  o f  th e  w i l t in g  o f  
th e  le a v e s  a f t e r  in o c u la t io n  co n firm s  t h i s .  A lso , th e  woody t i s s u e  
a t  th e  base  o f  th e  p la n t  i s  more r e s i s t a n t  to  th e  sp re a d  o f  
£ .  m ich iganense  th a n  th e  s u c c u le n t  t i s s u e  near* th e  ap ex . The 
same a p p l ie s  in  th e  p re v io u s  e x p e rim e n t. A f te r  in o c u la t io n  o f  
tom ato p la n t s  w ith  £ .  m ic h ig a n e n se > S t r id e r  (1970) n o t ic e d  th e  
same w ith  h a rd e n e d -o f f  p la n ts  and E rc o la n i (1967a) r e p o r te d  
d i f f e r e n c e s  betw een in o c u la t io n  o f  th e  stem  base and stem  ap ex . 
L a te r  e x p e r im e n ts  c a r r i e d  o u t in  c o l la b o r a t io n  w ith  A .D .A .S . 
(u n p u b lish ed  r e s u l t s ) con firm ed  th e s e  r e s u l t s .
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T able 14 . E f f e c t  o f  th e  s i t e  o f  in f e c t io n  on d is e a s e  r a t i n g .
D ata and ANOVA
S t 2L S t 7L Ca 0 .5P Ca 3P 0 .5  LF
2 3 3 4 1
2 3 3 4 1
2 4 3 4 1
2 4 4 ‘ 3 1
2 4 4 3 1
2 4 4 3 1
3 4 4 3 1
3 4 4 3 1
3 5 4 . 3 1
4 5 5 3 1
ANOVA
Source dP SS MS F
T r. 4 5 9 .2  - 14 .8  46,.25
E r. 45 14.5 0 .3 2
T o t. 49 73 .7
Ho: S t 2L = S t  7L = Ca 0 .5P  = Ca 3P
KEULS* T e s t Wp = g .a (P .n g ) Sx
= 0 .5  LF i s  r e je c te d
= 0 .1 7 f o r  a  = 0 .05
Wg = 0.48; = 0.51; = 0.527; = 0.53
S i t e s  o f  I n f e c t io n  
S t  7L Ca 0.5P  Ca 3P S t  2L 0 .5  LF 
4 3 .8  3 .3  2 .5  1D iseaseH a tin g
Means n o t  a d ja c e n t  on th e  same l i n e  a r e  s ig n i f i c a n t l y  
_ d i f f e r e n t
•. ^  p- . - '
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5.4 Effect of the Type of Soil and Fertilizer
Tomato p la n t s  ( v a r i e ty  G ren ad ie r)  were sown in  p ro p a g a to r  t r a y s  
w ith  s t e r i l e  v e r m ic u l i te  and were s u b i r r ig a te d  w ith  SDW. The 
v e n t i l a t o r s  o f  th e  p ro p a g a to rs  w ere open u n t i l  th e  p la n ts  reach ed  
th e  2 -3  t r u e  l e a f  s ta g e .  At t h a t  s ta g e ,  36 tom ato s e e d l in g s ,  a s  
un ifo rm  a s  p o s s ib le ,  were t r a n s p la n te d  in t o  5 ” d ia m e te r  p l a s t i c  
p o ts  f i l l e d  w ith  th r e e  ty p e s  o f  s o i l  a s  fo llo w s ; One s e t  (12 
p la n ts )  in  p o ts  c o n ta in in g  Grow Bag Compost ( F is o n s ) .  T h is  ty p e  
o f grow bag com post (GB) i s  u s u a l ly  u sed  in  th e  Channel I s l a n d s .
A second s e t  (12 p la n ts )  were p la n te d  in  c la y  loam s o i l  t h a t  was 
o b ta in e d  from  th e  B o ta n ic a l S upply  U n it o f  th e  U n iv e rs i ty  o f  
London. T h is  s o i l  was c o n s id e re d  "heavy" (H ). The t h i r d  s e t  
(12 p la n t s )  w ere grown in  p o ts  f i l l e d  w ith  sandy c la y  loam ta k e n  
from th e  C o lleg e  f i e l d ,  which was c o n s id e re d  to  be " l i g h t "  s o i l  
(L ). The two n a t u r a l  s o i l s  w ere s ie v e d  in  a  2 mm s ie v e  to  g e t  
r i d  o f  s to n e s ,  g r a v e l  and c ra sh e d  b ig  lumps o f  s o i l  and w ere th en  
s t e a m - s t e r i l i z e d  f o r  one h o u r. The pH, o rg a n ic  m a tte r  c o n te n t  
(OM) and w a te r  h o ld in g  c a p a c i ty  (WHO o f  th e  th r e e  s o i l s  w ere 
d e te rm in e d .
1. F or th e  d e te rm in a tio n  o f  pH two m ethods were u sed :
(a ) W ith a  B.D.H. c a p i l l a t o r  k i t ;
(b) E le c t ro m e tr ic  method a s  fo llo w s  :
Sam ples o f  s o i l s  w ere th o ro u g h ly  mixed w ith  d i s t i l l e d  w a te r 
in  th e  r a t i o  1:5 and th e  pH d e te rm in ed  w ith  ah E . I .L .  
pH m e te r .
2 . D e te rm in a tio n  o f  W ater H old ing  C ap ac ity  (WHC) .
The m o d if ic a t io n  o f  th e  method o f  P ip e r  (1950) was u se d .
Sam ples o f  c ru s h e d , a i r - d r y  s o i l  w ere p la c e d  in  weighed 
s in t e r e d  g l a s s  c r u c ib le s  and p la c e d  in  w a te r f o r  24 h o u rs , 
so  t h a t  th e  low er s u r fa c e  o f  th e  s o i l  was ab o u t h a l f  an  in c h  
below  th e  l e v e l  o f  th e  w a te r .  The c r u c ib le s  were th e n  rem oved, 
t h e i r  o u ts id e s  wiped d ry  and th e n  re -w e ig h e d . Then th e y  were 
p la c e d  in  an  oven a t  105° C and d r ie d  f o r  24 h o u rs . A f te r  
c o o l in g ,  th e  c r u c ib le s  were re -w e ig h e d . The r e s u l t s  w ere
k
.  :
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c a lc u la te d  a s  p e rc e n ta g e  o f  oven -d ry  w e ig h t.
3 . D e te rm in a tio n  o f  O rganic M a tte r  (OM)
The m o d if ic a t io n  o f  th e  method o f  P ip e r  (1950) was u se d .
The known w e ig h ts  o f  o v en -d ry  s o i l s  (ab o u t 10 g) were p la ced  
in  w eighed c r u c ib le s  in  a  m u ffle  fu rn a c e  a t  600° C. A f te r  
fo u r  h o u rs  a t  600° C th e  c r u c ib le s  were rem oved, coo led  in  a  
d e s ic c a to r ,  th e n  rew e ig h ed . The lo s s  o f  w eigh t o f th e  sam p les 
was a  m easure o f  th e  amount o f  o rg a n ic  m a te r ia l  in  th e  s o i l s .  
The r e s u l t s  were ex p re sse d  a s  p e rc e n ta g e  lo s s  in  w eigh t o f  th e  
o v en -d ry  w eig h t o f  th e  s o i l s .
The above p ro c e d u re s  were r e p e a te d  th r e e  tim es  and th e  means were 
c a lc u la te d  and th e  r e s u l t s  g iv e n  below :
Type o f  s o i l pH WHC _0M
Grow Bag (GB) 7 .0 490 20.5
Sandy C lay loam (L) 6 .5 38 4 .9
C lay loam (H) 7 .3 45 6.1
A fte r  t r a n s p l a n t in g ,  h a l f  th e  tom ato  p la n t s  f o r  each  ty p e  o f  s o i l  
were w a te red  e v e ry  1^2 days w ith  ta p  w a te r (W) and h a l f  w atered  
3-4  tim e s  a  week w ith  a . l i q u id  f e r t i l i z e r  ( l i q u id  Tomato "P lu s"  
o f  I . e . I . )  2 f l .  oz in  a  g a l lo n  o f  w a te r (F ) . Thé chem ical a n a ly s i s  
o f th e  l i q u id  f e r t i l i z e r  was a s  fo llo w s :
S o lu b le  p h osphate  a c id  4%
I n s o lu b le  ph o sp h a te  a c id  0.1%
N itro g e n  4%
P o ta sh  (KgO) 7%
Magnesium 120 ppm
A fte r  28 days when th e  p la n ts  had become a c c lim a tis e d  to  th e  ^
d i f f e r e n t  re g im e s , th e  h e ig h ts  o f  th e  s e e d l in g s  were m easured and -
th e n  in o c u la te d  by c u t t i n g  th e  t h i r d  t r u e  l e a f  w ith  a  s c a lp e l
p re v io u s ly  d ipped  in  C. m ich iganense  s t r a i n  G3 inoculum  a t  a  .
• ' ■ . . -
' ■ ■ „ ■ ,  ■■ ■
125
Table 15. E f f e c t  o f  s o i l  ty p e  and f e r t i l i z e r  on 
d is e a s e  r a t i n g  
Mean R e s u l ts  and ANOVA
S ource o f  
V a r ia t io n
DF SS MS F f 1 0 .05
Rows 5 8 .05 1.61 4 .3 6 2.71
Columns 5 1.10 0 .2 2 0 .6 2.71
S o i l s 2 9 .68 4 .8 4 1.31 3 .49
F e r t i l i z e r 1 14.63 14.63 3 9 .6 4 .25
S X F 2 2 .1 8 1.09 2 .9 6 3 .49
E f ro r 20 ; 7 .38 0 .36
T o ta l 35 43.04
F or a  = 0 .05  
S o i l  means 
Sx = 0 .17  
L GB
3 .8 8 6  3 .05
Comparison o f  means
H
2 .638
F e r t i l i z e r  means 
Sx = 0 .022 
S S + F
2 .5  3 .8 3
S = s o i l  a lo n e S + F = s o i l  and fe f^ tiliz e r^
T rea tm e n ts  
Sx = 0 .244  
L + F GB + F 
4 .7 8 5  3 .365
H + F 
3 .34
GB H
2.9 8 8  2 .7 5  1 .93 (Mean D ise a se
■ , , —  ------   • R a tin g s )
a  = M ean s,n o t a d ja e e n t  to  th e  same l i n e  a r e  s i g n i f i c a n t l y  
d i f f e r e n t
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c o n c e n tra t io n  o f  3 .1  x 10 CFU/ml. The wounds were co v ered  w ith  
PTFE ta p e .  The d is e a s e  developm ent was a s se s se d  a f t e r  35 days 
u s in g  th e  d is e a s e  r a t i n g  m entioned in  C hap ter 2 .2 .
P la n ts  grown in  sandy  c la y  loam w ith  f e r t i l i z e r  (L + F) w ere 
s m a lle r  th a n  th e  p la n t s  o f  th e  o th e r  tr e a tm e n ts .  The r e s u l t s  
were th e r e f o r e  a n a ly se d  s t a t i s t i c a l l y  by a n a ly s i s  o f  c o v a r ia n c e  
(grow th on i n f e c t io n )  by com puter. The a n a ly s i s  o f  v a r ia n c e  and 
th e  com parison  o f  th e  d i f f e r e n t  means was c a r r i e d  o u t a s  in  th e  
p re v io u s  e x p e rim e n ts  and a re  p re se n te d  in  T able 15. The d a ta  a re  
shown in  A ppendix B.
The g la s s h o u s e  te m p e ra tu re  v a r ie d  from  16-27° C and RH from  45-90%,
The p la n t s  w ere grown under th e  above d e sc r ib e d  c o n d i t io n s  in  an 
a t te m p t t o  s im u la te  c o n d i t io n s  m et in  tom ato c u l t i v a t i o n  in  g l a s s -  
houses and in  f i e l d s .  I t  was n o t  p o s s ib le  to  d e te rm in e  th e  e x a c t  
m in e ra l n u t r i e n t s  a v a i la b le  to  th e  p la n ts  b u t i t  i s  lo g i c a l  t o  
assume t h a t  t h e .p l a n t s  grown w i th .o r  w ith o u t f e r t i l i z e r  r e c e iv e  
e i t h e r  to o  much o r n o t  enough m in e ra ls .  The f a c t  t h a t  th e  p la n t s  
grown w ith o u t f e r t i l i z e r  e x h ib i te d  c h lo r o t ic  symptoms (m ost in  
p la n ts  grown in  l i g h t  s o i l  and l e a s t  in  p la n t s  grown in  grow bag 
com post) c o n firm s  th e  above a ssu m p tio n . Thus th e  r e s u l t s  were 
a s s e s se d  b e a r in g  in  mind th e  above c o n d i t io n s .  ^
The r e s u l t s  show t h a t  th e r e  i s  no in t e r a c t io n  betw een ty p e  o f  s o i l  
and f e r t i l i z e r  and e ac h  o f  th e se  two f a c to r s  a f f e c te d  th e  d is e a s e  
developm ent in d e p e n d e n tly .  Thus th e  d is e a s e  p ro g re s se d  more 
r a p id ly  in  p la n t s  grown in  " l i g h t ” s o i l  and in  p la n ts  t r e a t e d  w ith  
f e r t i l i z e r , and : l e a s t  in  p la n ts  grown in  "heavy" s o i l  and w ith o u t 
f e r t i l i z e r - The r e s u l t s  a g re e  w ith  th o se  o f  W alker and K endrick
(1948) who found  t h a t  th e  amount o f  n u t r i e n t s  a v a i la b le  to  p la n t s
was p r o p o r t io n a l  t o  th e  d is e a s e  s e v e r i t y .  :  ,
I t  was a l s o  n o t i c e d , and i n  ag reem ent w ith  th e  above a u th o r s ,  t h a t  >
p la n ts  w ith  l e s s  a v a i la b le  n u t r i e n t s  had more c a n k e rs  o r  stem  : . r  . .
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s t r e a k s  th a n  th e  p la n t s  w ith  e x c e ss  o f  n u t r i e n t s .  E rc o la n i 
(1967a) a l s o  r e p o r te d  an in c r e a s e  in  d is e a s e  developm ent w ith  
in c re a s e d  n u t r i e n t  b u t n o t  f o r  a l l  th e  c o n c e n tra t io n s  o f  th e  
inoculum  and n o t  in  a l l  th e  tom ato  v a r i e t i e s  he t e s t e d .  F o s te r  
and E chandi (1975) found t h a t  d is e a s e  developm ent was in v e r s e ly  
c o r r e l a t e d  w ith  th e  c o n c e n tr a t io n  o f  ca lc iu m  in  th e  n u t r i e n t  
s o lu t io n .  F u rth e rm o re , in  p e t i o l e s  and stem s th e  Ca + Mg/Na + K 
r a t i o  was n e g a t iv e ly  c o r r e l a t e d  w ith  th e  d is e a s e  r a t i n g .  A lthough 
th e re  i s  e x p e r im e n ta l d a ta  in  th e  l i t e r a t u r e  co n ce rn in g  th e  
e f f e c t s  o f  s o i l  ty p e s  on d is e a s e  developm ent, O rth  (1937) o bserved  
t h a t  more b a c t e r i a l  c a n k e r  was seen  in  sandy l i g h t  s o i l s  th a n  in  
o rg a n ic  s o i l s .  T h is  i s  in  ag reem en t w ith  th e  r e s u l t s  r e p o r te d  
h e r e .
M atthee and D aines (1968) r e p o r te d  t h a t  b o th  peach t r e e s  and p epper 
p la n ts  grown in  W ell a e r a te d  sand  o r sandy loam s o i l s  e x h ib i te d  
g r e a t e r  s u s c e p t i b i l i t y  to  b a c t e r i a l  l e a f  s p o t  caused  by X. p ru n i 
and X. v e s i c a t o r i a . r e s p e c t iv e l y  th a n  th o s e  grown in  h e a v ie r  s o i l s  
w ith  low er oxygen s u p p ly . A bundant a e r a t io n  r e s u l t s  in  maximum 
s o lu t io n  a b s o r b t io n .  Thus th e  " l i g h t "  s o i l  p la n ts  may ab so rb  
more n u t r i e n t  s o lu t io n  t h a t  fa v o u rs  th e  d is e a s e  developm ent th a n  
th e  "heavy" s o i l  p l a n t s .  On th e  o th e r  hand ^  th e  p la n ts  grown in  
"grow bag" com post w hich h a s  a  g r e a t e r  WHO and more o rg an ic  
m a te r i a l ,  gave in te rm e d ia te  d is e a s e  r a t i n g s .  T h a t may be due to  
more b a lan ced  n u t r i e n t  co m p o s itio n s  o f  s o i l  which g iv e s  more 
" h e a lth y "  p l a n t s  and  th u s  more r e s i s t a n c e  to  d is e a s e .  (P la n ts  
grown in  grow bag com post gave more r ig o r o u s  b u t n o t s u c c u le n t 
p l a n t s ) .
In  th e  l i t e r a t u r e ,  num erous exam ples a re  re p o r te d  o f  ex ce ss  
n u t r i e n t s ,  m o s tly  n i t r o g e n ,  m aking p la n ts  more s u c c u le n t and th u s  
more s u s c e p t ib le  t o  d i s e a s e s , b u t  t h a t  i s  n o t  alw ays th e  c a s e .
Tobacco p la n ts  grown in  h ig h  n i t r o g e n  f e r t i l i z e r  a re  more ,
s u s c e p t ib le  to  w ild  f i r e  (P . ta b a c i ) w hereas reduced  n it ro g e n  ' j
makes them more s u s c e p t ib le  t o  jP. so lan acearu m . I t  ap p ea rs  t h a t ,  ;
in  g e n e r a l ,  p l a n t s  r e c e iv in g  a  b a lan ced  n u t r i t i o n  in  which a l l  th e  “ iV
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re q u ire d  e lem en ts  a re  s u p p lie d  in  a p p r o p r ia te  am ounts, a r e  more 
c a p a b le  o f  p r o te c t in g  th em se lv es  from  new in f e c t io n  and o f  l im i t in g  
e x i s t i n g  in f e c t io n  th a n  when one o r more n u t r i e n t  i s  su p p lie d  in  
e x c e s s iv e  o r in  d e f i c i e n t  am ounts. K iv ila a n  and S c h e f fe r  (1958) 
g iv e  a  good exam ple o f  th e  above in  th e  in f e c t io n  o f  Geranium by 
X. p e l a r g o n i i . I t  i s  a c c e p te d  t h a t  th e  amount o f  n u t r i e n t s  do 
n o t  a f f e c t  th e  d is e a s e  r a t i n g  in d e p e n d e n tly .
A ccord ing  tb  Huber and Watson (1974) th e  form  o f  n it ro g e n  a f f e c t in g  
d i s e a s e s ,  f o r  exam ple th e  d is e a s e  cau sed  by £ .  m ich ig an e n se , i s  
in c re a s e d  by n i t r a t e  n i t ro g e n  b u t d e c re a se d  by ammonium n i t r o g e n ,  
w hereas th e  Fusarium  s t a l k  r o t  o r  w i l t  o f  m aize caused  by Fusarium  
m on ilifo rm e behaves e x a c t ly  o p p o s ite !  They a l s o  showed t h a t  th e  
r a t e  o f  b io lo g ic a l  m in e r a l iz a t io n  o f  o rg a n ic  n i t r o g e n  to  in o rg a n ic  
ammonium n i t ro g e n  and i t s  su b se q u en t n i t r i f i c a t i o n  a re  in f lu e n c e d  
by p h y s ic a l  f a c t o r s  such  a s  pH, s o i l  ty p e ,  n i t r o g e n  c o n c e n tr a t io n ,  
so u rce  o f  n i t r o g e n ,  oxygen te n s io n ,  te m p e ra tu re ,  s a l t  c o n c e n tr a t io n ,  
p re v io u s  c ro p  and a g r i c u l t u r a l  c h e m ic a ls .
The m echanism s, by w hich p la n t  n u t r i e n t s  a f f e c t  th e  s u s c e p t i b i l i t y  
o f  p la n t s  to  d is e a s e s  a re  n o t  known. Some e x p la n a tio n s  were g iv e n  
b u t som etim es r e s u l t s  o f  o th e r  w orkers c o n t r a d ic t  th e  p re v io u s  
r e s u l t s ;  e .g .  i t  was re p o r te d  by Cameron, Westwood and Lombard 
(1969) t h a t  f e r t i l i z a t i o n  w ith  h ig h  c o n c e n tr a t io n ^ o f  n i t ro g e n  
make th e  t i s s u e s  o f  p e a r  t r e e s  more s u c c u le n t  and th u s  more 
s u s c e p t ib le  to  E. c a ro to v o ra  b u t Zwet and K e il (1970) re p o r te d  
th e  o p p o s ite .
E dging ton  and W alker (1958) p o s tu la te d  t h a t  h ig h  ca lc iu m  in  p la n t  
t i s s u e s  form s ca lc iu m  com plexes w ith  p e c t ic  su b s ta n c e s  t h a t  a c c o u n ts  
f o r  r e s i s t a n c e  t o  Fusarium  oxysporium  f . ly c o p e r c i c i . The same 
p ro b ab ly  happens t o  a c t e r i a l  an k er o f  to m a to e s . S ch ro th  and 
H ild eb ran d  (1 9 6 4 ), Smale and K e ll  (1966) p u b lish e d  works on th e  - 
p o s s ib le  c o r r e l a t i o n  o f  p h en o ls  and q u in o n es  w ith  d is e a s e  
r e s i s t a n c e  and Lee and A rn o lf  (1967) r e p o r te d  t h a t  boron d e f ic ie n c y  
c a u se s  an accu m u la tio n  o f  p h e n o lic  a c id .  T e je r in a ,  Serma and
ï ' ; " r  - - I -
I '
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C a s tre s a n a  (1978) re p o r te d  a l t e r a t i o n  o f  E. c a ro to v o ra  c e l l s  in  
v i t r o  when th e  b a s ic  medium was supplem ented w ith  NH^NO  ^ o r 
KNOg; and t h a t  th e  p re se n c e  o f  ca lc iu m  o r p o ta ss iu m  a t  h ig h  
c o n c e n tr a t io n s  p r o te c t s  bean p l a n t s ,  w hereas n i t r o g e n  in c re a s e s  
s e n s i t i v i t y .  They s p e c u la te  t h a t  a v a i l a b i l i t y  o f  n u t r i e n t s  f o r  
b a c t e r i a  in  th e  i n t e r c e l l u l a r  sp a c e s  o f h o s t  t i s s u e  depends on 
p h y s io lo g ic a l  changes produced in  th e  p la n t  a s  a  consequence o f  
i t s  n u t r i e n t  l e v e l .  N u tr ie n t  l e v e l s  can  be an im p o rta n t p a ram eter 
r e g u la t in g  v iv o  th e  p a th o g e n ic i ty  o f  b a c te r ia  by in ju r in g  th e  
c e l l  w a ll  i n  a  s im i la r  way t o  t h a t  observed  in  v i t r o . F in a l ly ,  a s  
th e  above a u th o r s  s t a t e d ,  m od ify ing  th e  c u l t u r a l  p r a c t i c e s  th ro u g h  
s u i t a b l e  f e r t i l i z e r s  can  ; p re v e n t p ro d u c tio n  o f  d is e a s e  symptoms 
in  a r e a s  when sp re a d  c a n n o t be c o n t r o l l e d ,  b u t t h i s  i s  v ery  
d i f f i c u l t  b e c a u se , a s  Gauman (1950) s a id ,  "ev e ry  v a r i e t y  o f 
c u l t i v a t e d  p la n ta  p o sse sse s  t o  some e x te n t  i t s  own n u t r i t i o n a l l y  
d e te rm in e d  d i s p o s i t i o n  to  each  s e p a ra te  in f e c t io u s  d is e a s e " .
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CHAPTER 6
THE HYPERSENSITIVE REACTION AND OTHER RESPONSES OF TOBACCO 
LEAVES TO CORYNEBACTERIA
6.1  In tro d u c t io n
The h y p e r s e n s i t iv e  r e a c t io n  (HR) i s  one o f  th e  m ost im p o rta n t 
d efence  mechanisms in  p l a n t s .  I t  i s  induced  by p a th o g en ic  fu n g i ,  
b a c t e r i a ,  v i r u s e s  and nem atodes (A g rio s , 1978). The h y p e r s e n s i t iv e  
re sp o n se  s u g g e s ts  t h a t  some form  o f  r e c o g n i t io n  ta k e s  p la c e  a t  
th e  i n t e r f a c e  betw een h o s t  and pathogen  (C hapter 7 ) .  As a  r e s u l t  
o f  t h i s  r e c o g n i t io n  a  s e r i e s  o f  m e ta b o lic  changes a re  " t r ig g e re d "  
in  th e  h o s t  le a d in g  to  h y p e r s e n s i t iv e  r e a c t io n  in  which c e l l s  
around th e  in f e c t io n  s i t e  d ie  v e ry  r a p id ly  and th e  sp read  o f  th e  
pathogen i s  p re v e n te d . Some w o rkers c la im  t h a t  th e  HR i s  n o t th e  
cause  b u t th e  consequence o f  e a r l y  c e l l  d e a th  o r i n h ib i t i o n  o f  
th e  grow th o f  th e  pathogen  (K ir a ly ,  B arna and E rse k , 1972).
P h y to p a th o g en ic  b a c t e r i a  can  in d u c e  a  h y p e r s e n s i t iv e  re sp o n se  
(Klement and L o v re to v ic h , 1961, 1962; K lem ent, 1963; K lement *
F ark as  and Lovrefcovich, 1964)- The h y p e r s e n s i t iv e  r e a c t io n  w hich 
a p p e a rs  a s  a  r a p id  n e c r o s i s , i s  u s u a l ly  a s s o c ia te d  w ith  in c o m p a tib le  
b a c t e r i a l  p a th o g en s , a l th o u g h  c a n p a t ib le  b a c te r ia  can a l s o  cau se  
ra p id  n e c r o s is  (K lem ent, H e re s i and S a s s e r ,  1978).
E nv ironm en ta l c o n d i t io n s  such  a s  te m p e ra tu re  and l i g h t  a f f e c t  th e  
developm ent o f  HR (H ild eb ran d  and R id d le , 1971; S u le  and K lem ent,
1971). The H R .c ^  be p re v e n te d  by p re tre a tm e n t o f  p la n ts  w ith  
h e a t - k i l l e d  c e l l s  (L ovrecov ich  and F a rk a s , 1965; Lozano and 
S e q u e ira , 1970b) o r  p ro te in a c e o u s  compounds i s o la te d  from  b a c t e r i a  
(M azzucchi, B azz i and P u p i l l o ,  1979; S e q u ie ra , A is t  and A in s l ie ,  ;
1972) by low c o n c e n tr a t io n s  o f  l i v in g  p a th o g e n ic  b a c t e r ia  (Novachy,
Acedb and Goodmanj 1973) o r by s a p ro p h y tic  b a c t e r ia  (Klement and ; ' -.j-
_v ^
Goodman, 1967- ' - z •
'.'.'■J
i
n-- A.
131
On th e  o th e r  hand , Cook (1975) and E ssen b erg  e t  a l .  (1979b) 
r e p o r te d  t h a t  HR can be induced  when to b a cco  le a v e s  a re  p r e t r e a te d  
w ith  low in o c u la  o f  p a th o g en ic  b a c t e r i a  and c h a lle n g e d  w ith  w a te r .
H y p e rse n s it iv e  r e a c t io n  h as  been u sed  to  e s t a b l i s h  th e  p a th o g e n ic i ty  
o f  unknown b a c te r ia  i s o l a t e d  from  d is e a s e d  p la n ts  and i t  i s  
r o u t in e ly  used  to  a id  in  th e  i d e n t i f i c a t i o n  o f  b a c t e r i a l  pathogens 
( L e l l i o t ,  B i l l in g  and Hayward, 1 9 6 6 ). For t h i s  p u rp o se , to b àcco  
p la n ts  a re  o f te n  chosen  a s  th e  m ost c o n v e n ie n t h o s t  f o r  g e n e ra l 
u s e , b u t o th e r  p la n ts  may be u s e d , such  a s  b e a n s , p e p p e rs , to m a to e s , 
V igna s in e n s i s  (Klement and Goodman, 1967b; Klement and L ovrecov ich , 
1962) and D ie ffe n b a c h ia  (M azzucchi, 1972).
The HR has been d e s c r ib e d  a s  a  t e s t  f o r  p h y to p a th o g en ic  pseudomonads 
and xanthom onads (Dye, 1958; Logan, I960; Klement and L ovrecov ich , 
1961, 1962; L e l l i o t ,  B i l l in g  and Hayward, 1966; Cook and S t a l l ,  
1969b), and l e s s  f r e q u e n t ly  f o r  s o f t  r o t  c o lifo rm  b a c te r ia  (K nosel 
and Lange, 1972; M azzucchi, 1 9 72 ).
There a p p e a rs  to  be no r e c o rd s  in  th e  l i t e r a t u r e  o f  t e s t s  f o r  HR 
u s in g  C orynebacterium  sp p . In  v iew  o f  th e  im portance o f  th e se  
b a c t e r i a  in  p la n t  d is e a s e  and th e  need  t o  d e te c t  th e se  pathogens 
e i t h e r  in  s c re e n in g  t e s t s  o f  s u s p e c t  p la n t s  o r o f  d is e a s e d  t i s s u e ,  
i t  was c o n s id e re d  .w orthw hile  c a r r y in g  o u t HR te s t s - o n  a  ran g e  o f  
C orynebacterium  s p e c ie s  and i s o l a t e s .
6 .2  M a te r ia ls  and Methods 
B a c t e r i a l  su sp e n s io n s  ;
A ll  th e  C orynebacterium  s p e c ie s  and s t r a i n s  m entioned in  Appendix 2 
w ere u se d . The p a thogens £ .  p h a s e o l i c o la , P . sy r in g a e  (known 
in c o m p a tib le  p a th o g en ic  pseudom onads c a u s in g  HR in  to b acco  l e a v e s ) 
were a l s o  t e s t e d  to g e th e r  w ith  E . c h ry sa n th e m i, X. c a m p e s tr is  and 
sa p ro p h y tic  P . a e ru g in o s a , B re v ib a c te riu m  sp p . Two^fold d i l u t i m s  
o f  b a c t e r i a l  su sp e n s io n s  in  SDW and in  N u tr ie n t  B ro th  a t  
c o n c e n tra t io n s  frcxn 1-3 x 10^ t o  1-3  x 10^ CFU/ml were p rep a red  
from  24-48 h o u rs  c u l t u r e . T h i r ty  d a y -o ld  c u l tu r e s  were u sed  to
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s tu d y  th e  e f f e c t  o f  age o f  th e  c u l tu r e  and w ere p re p a re d  a s  
d e s c r ib e d  e a r l i e r  (C h ap te r 2 ) .  H e a t - k i l le d  c e l l s  were produced 
by k eep in g  b a c t e r i a l  su sp e n s io n s  in  b o i l in g  w a te r  f o r  te n  m inu tes 
and th e n  c o o l in g .
P l a n t s :
Tobacco p la n t s  (N ic o tia n a  tabacum  c v . W hite B u rle y ) a t  7-9 l e a f  
s ta g e  w ere u sed  and grown a s  d e s c r ib e d  e a r l i e r .
I n o c u la t io n s  :
Only to b a c c o  le a v e s  in  th e  m idd le  o f  th e  stem  were i n f i l t r a t e d  
u s in g  E le m e n t 's  (1963) i n j e c t i o n  method w ith  a  1 ml sy r in g e  and a 
27 gauge n e e d le .  Each s t r a i n  and each  c o n c e n tr a t io n  was in je c te d  
i n t o  a l t e r n a t e ,  in t e r v e n a l  zones in  t r i p l i c a t e .  S t e r i l e  d i s t i l l e d  
w a te r and s t e r i l e  N u tr ie n t  B ro th  were used  a s  c o n t r o l s .  R e s u lts  
(T ab le  16) w ere re c o rd e d  a f t e r  24 and 48 h o u rs .
In  o rd e r  to  s tu d y  th e  ap p ea ran ce  o r  i n h i b i t i o n  o f  HR in  to b a cco ,
le a v e s  were p r e t r e a te d  and c h a lle n g e d  w ith  b a c t e r i a  o r w a te r .
The b o rd e rs  o f  th e  f i r s t  i n f i l t r a t i o n  w ere marked w ith  a  n o n - to x ic
in k .  A f te r  24 h o u rs  th e  c h a l le n g e  i n f i l t r a t i o n  to o k  p la c e  in  th e
same way, and a g a in  th e  b o rd e rs  were m arked. The p re tr e a tm e n t  and
7c h a l le n g e  inoculum  were a t  c o n c e n tr a t io n s  o f  1-3 x^lO  CFU/ml 
-  th e  minimum c o n c e n tr a t io n  to  ind u ce  HR u n d er th e  e x p é rim e n ta l 
c o n d i t io n s  ; and 1-3 x 10^ CFU/ml -  th e  h ig h e s t  b a c t e r i a l  
c o n c e n tr a t io n  f a i l i n g  t o  induce  a  h y p e r s e n s i t iv e  r e a c t io n .
C o n tro l l e a f  p a n e ls  were t r e a t e d  e i t h e r  w ith  SDW o r  th e  pa thogens 
C. m ich ig an en se  and £ .  p h a s e o l ic o la  in  o rd e r  to  show th e  i n a b i l i t y  
and a b i l i t y  r e s p e c t iv e ly  to - in d u c e  HR. Each ex p e rim en t was 
r e p l i c a t e d  th r e e  t im e s . R e s u l ts  (T able 17) w ere ta k e n  a f t e r  
24 and 48 h o u r s .
The grow th  o f  £ .  m ich iganense s t r a i n  G2 and £ .  p h a s e o l ic o la  s t r a i n  
K721 i n  to b a c c o  le a v e s  was fo llo w ed  $ t  0 \ 6 , 24 a h d '4 8  h o u rs  a f t e r  
i h f i l b r a t i o h  w ith  1-3 10^ CFU/ml and  1-3 x 1 0 -  um /M.  b a c t e r i a l
m
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su sp e n sio n  by th e  d i l u t i o n  p la te  te c h n iq u e  (C hapter 2 ) .
The r e s u l t s  o f  th e  mean o f  two sam ples t h a t  were r e l a t i v e l y  
s im i la r  a re  p re s e n te d  g r a p h ic a l ly  in  F ig .  9 . The ex p erim en t was 
re p e a te d  w ith  s im i la r  r e s u l t s .
6 .3  R e s u lts  and D isc u ss io n
The r e s u l t s  (T ab le s  16 and 17) showed t h a t  from th e  C o ry n e b a c te r ia  
s p e c ie s  t e s t e d  o n ly  th e  p a th o g en ic  strains.cEP C. m ich iganense  were 
a b le  to  induce a  h y p e r s e n s i t iv e  r e a c t io n .  R e is o la t io n s  o f  th e se  
s t r a i n s  a l s o  gave p o s i t i v e  r e s u l t s .  .
The p o s i t i v e  h y p e r s e n s i t iv e  r e a c t io n  c o n s is te d  o f  c o n f lu e n t  
n e c r o s is  o f  i n f i l t r a t e d  a r e a s  ( P la te  13) a f t e r  10-24 h o u rs . The 
in t e r v e in a l  n e c ro s e s  cau sed  by C. m ich iganense were s im i la r  to  
th o se  induced  by P .  p h a s e o l ic o la  and P . s y r in g a e  a s  w e ll  a s
c h ry sa n th e m i. C o ry n e b a c te r la  sp p . o th e r  th a n  C. m ic h ig a n e n se ,
X,  c a m p e s tr is , th e  s a p ro p h y tic  £ .  a e ru g in o sa  gave n e g a t iv e  r e s u l t s  
w ith  th e  absence o f  m acroscop ic  symptoms. When th e  inoculum  
c o n c e n tra t io n  was h ig h  (more th a n  1 x  10^ CFU/ml) weak c h lo r o s i s  
o f  i n f i l t r a t e d  t i s s u e s  was o f te n  o b se rv ed . The f i r s t  symptom 
c o n s is te d  o f  a  lo s s  o f  tu r g o r  o f  th e  t i s s u e s .  L a te r ,  th e  t i s s u e  
c o lla p s e d  and d r i e d .  U l t r a s t r u e tu r a 1 s tu d ie s  o f  HR caused  by 
£ .  m ich iganense (C h ap te r 7) showed s im i la r  f e a tu r e s  t o  th o se  cau sed  
by o th e r  in c o m p a tib le  co m b in a tio n s  (Goodman and P lu ra d , 1971; 
Goodman, Huang and W h ite , 1976).
The th re s h o ld  f o r  in d u c tio n  o f  HR was 1-3 x 10^ CFU/ml f o r  b o th
£ .  m ich iganense and £ ,  p h a s e o l i c o la . When th e  b a c t e r ia  were
suspended in  N u tr ie n t  B ro th  in s te a d  o f  in  w ate r th e  th r e s h o ld  was 
6low er (5 -6  X 10 CFU/ml. T h is  was p ro b ab ly  due to  d i f f e r e n c e s  in  
th e  r a t e  o f  b a c t e r i a l  m u l t ip l i c a t io n .
Month o ld  c u l tu r e s  o f  C. m ich igahense and P . p h a s e o lic o la  induced  
HR a f t e r  48 h o u r s . T h is  s lo w er r e a c t io n  i s  s im i la r  to  t h a t  _
re p o r te d  by S u le  and E lem ent (1971 ) who worked w ith  £ .  p h a s e o l i c o la ,
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P la te  13.
H y p ersen s i t iv e  r e a c t i o n  in  tobacco  leav es  
(N ico tiana  tabacum c .  White Burley) caused by 
C. michiganense ( a ) ,  P_. sy r in g ae  (b) .
C on tro ls  i n f i l t r a t e d  w ith  SDW (c) and 
saprophyte  P. a e ru g in o sa  (d) .
T able 16 . H y p e rs e n s i t iv e  r e a c t io n  u s in g  C o ry n e b a c te ria  
and o th e r  b a c t e r i a  in  to b a cco  le a v e s  ^
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B acterium  t e s t e d
£ .  m ich iganense
C orynebacterium  sp, 
£ .  b e ta e  
£ .  f a s c ia n s  
£ .  in s id io su m  
£ .  t r i t i c i  
£ .  p o in s e t t i a e  
P , p h a s e o l ic o la
II II
£ .  s y r in g a e  
£ .  a e ru g in o sa  
B rev ibac  te r iu m  
£ .  ch ry san th em i 
X. c a m p e s tr is  
W ater ( c o n tr o l )
S t r a i n
14 s t r a i n s  v i r u l e n t
G1
G2
399
B 8506 
363 
156 
1109 
1953 
844 
K 721 
K 721 
K 722 
B 8503 
spp
” o ld  c u l tu r e
" o ld  c u l tu r e
a v i r u l e n t  
sa p ro p h y te  
v i r u l e n t
II
Old c u l tu r e
s a p ro p h y tic
II
HR
+
( +  ) 
( +  )
B
+
( +  ) 
+
à  : Under e x p e r im e n ta l c o n d i t io n s  th r e s h o ld  f o r  in d u c tio n  o f  HR 
1-3 X 10^ CFU/ml
Each s t r a i n  was t e s t e d  in  t r i p l i c a t e  
b ; + -  p o s i t i v e  ; -  = n e g a t iv e  ; (+) ^  d e lay ed
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T ab le  17. A ppearance o f  h y p e r s e n s i t iv e  r e a c t io n  in  tobacco
le a v e s  p r e t r e a te d  and c h a lle n g e d
1 .
2 .
3 .
4 .
5 .
6 .
7 .
8 . 
9 .
10.
11.
12.
13.
14.
15.
P r e t r e a te d  w ith '
H e a t- k i l le d  c e l l s
£ .  a e ru g in o sa
1-3 X  10^ CFU/ml o f
C. m ich iganense
1-3 X 10^ CFU/ml o f
£ .  m ich iganense
£ .  m ich iganense  a v i r u l e n t
£ .  m ich iganense  ( c o n tro l )
H e a t - k i l le d  c e l l  
£ .  a e ru g in o sa  
1-3 X  10^ CFU/ml o f  
£ .  p h a s e o l ic o la  
1-3 X  10^ CFU/ml o f  
P . p h a s e o l ic o la  
P .  p h a s e o l ic o la
« 2 °
C hallen g ed  24 h ou rs 
l a t e r  w ithb
£ .  m ich iganense 
£ .  m ich iganense
C. m ich iganense
HgO
£ .  m ich iganense
£ .  m ich iganense  
£ .  p h a s e o l ic o la  
F . p h a s e o l ic o la
P . p h a s e o l ic o la
«2°
P . p h a s e o l ic o la
«2°
HR
+
(+)
a :  Under e x p e rim e n ta l c o n d i t io n s  th r e s h o ld  f o r  in d u c tio n  o f  HR
1-3 X 10^ CFU/ml
A,
b: + = ; (+ ) =
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and may w e ll  be due to  s lo w er r a t e s  o f  b a c t e r i a l  m u l t ip l i c a t io n .
T h is  i s  th e  f i r s t  tim e t h a t  C oryne bac t e r  i a  have been used  and 
shown to  g iv e  th e  in d u c tio n  o f  h y p e r s e n s i t iv e  r e a c t io n s  in  t e s t  
p l a n t s .  The above HR t e s t  was v e ry  u s e f u l  in  i d e n t i f i c a t i o n  o f  
C, m ich ig an en se  c o lo n ie s  from  o th e r  y e llo w  Gram p o s i t i v e  c o lo n ie s  
(C hap ter 2 .7 )  s in c e  in o c u la t io n s  w ith  homologous tom ato  p la n ts  
i s  tim e consum ing ( S t r i d e r ,  1969b; C hap ter 2 ) .
The p a t t e r n  o f  m u l t ip l i c a t io n s  o f  C. m ich iganense  and P . p h a s e o l ic o la  
(F ig . 9) w ere th e  same and ty p i c a l  o f  th e  h y p e r s e n s i t iv e  r e a c t io n  
(K lem ent, 1972; Lyon and Wood, 1976). B a c te r ia  m u l t ip l ie d  f o r  a  
s h o r t  tim e  (one day) and th en  p o p u la tio n s  rem ained  c o n s ta n t  o r 
were s l i g h t l y  re d u c e d .
In  th o s e  e x p e rim e n ts  in  w hich to b a cco  le a v e s  were p r e t r e a te d  and 
th e n  c h a l le n g e d  w ith  v a r io u s  b a c t e r i a  (T ab le 17) a l l  th e  c o n t ro l s  
w ith  p a th o g en s  showed th e  h y p e r s e n s i t iv e  r e a c t io n .  P re tre a tm e n t 
o f  to b a c c o  le a v e s  w ith  sa p ro p h y tic  c e l l s  o f  £ .  a e ru g in o sa  r e s u l t e d  
in  th e  p re v e n tio n  o f  HR fo llo w in g  i n f i l t r a t i o n  w ith  _P. p h a s e o lic o la  
in  ag reem en t w ith  e a r l i e r  r e p o r t s  (Klement and Goodman, 1967;
Lozano and S e q u e ira ,  1970b; L o v recov ich  and F a rk a s , 1965).
A ttem pts to  d u p l ic a te  th e  above r e s u l t s  u s in g  £ .  m ich iganense  were 
n o t  s u c c e s s f u l .  The h y p e r s e n s i t iv e  r e a c t io n  w a s ,n o t p rev en ted  
a l th o u g h , in  so m e .c a se s , i t  was d e la y e d . P re tre a tm e n t o f  to b acco  
le a v e s  w i th  £ .  a e ru g in o sa  r e s u l t e d  in  HR a f t e r  36 h o u rs . Cook 
(1972) found s im i la r  r e s u l t s  w ith  Xanthomonads.
The f a i l u r e  o f  HR to  dev e lo p  a f t e r  p re tre a tm e n t o f  to b a cco  le a v e s  
w ith  low c o n c e n tr a t io n s  o f  e i t h e r  C. m ich iganense o r  _P, p h a s e o l ic o la  
and r e i n f i l t r a t i o n  w ith  w ate r w ere s im i la r  t o  th e  r e s u l t s  o f  Cook 
(1975) u s in g  X. v e s i c a to r i a  in  p epper p l a n t s .  T h is  f a i l u r e  may be 
due t o  la c k  o f  co lo n y  d i s p e r s a l  (E ssenberg  e t  a l . , 1979b).
k P re  t r e a tm e n t  w ith  low in o c u la  o f  th e  in c o m p a tib le  p a thogens d id  n o t
C
i n h i b i t  th e  HR a f t e r  r e i n f i l t r a t i o n  w ith  e i t h e r  P . ’p h a s e o l ic o la  o r  :
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F ig j_9»  The g row th  o f  in c o m p a tib le  p a thogens in  to b a cco  le a v e s
C
(D
CD
L
0)4-»u
CD
JO
S’
Hours a f te r  inoculation
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£ .  m ich iganense  a t  p o p u la tio n  c o n c e n tr a t io n s  s u f f i c i e n t  to  cau se  
HR. These o b s e rv a tio n s  a r e  s im i la r  to  th o se  d e sc r ib e d  f o r  £ .  p i s i  
in  to b acco  le a v e s  (Novaeky, Acedo and Goodman, 1973).
The f a c t  t h a t  in  ex p e rim en ts  d es ig n ed  to  p re v e n t HR u s in g  
£ .  m ich iganense  o r £ .  p h a s e o l ic o la  in  to b acco  le a v e s  p r e t r e a te d  
w ith  h e a t - k i l l e d  c e l l s  o r  sa p ro p h y te s  d i f f e r e n t  r e s u l t s  were 
o b ta in e d  f o r  each  s p e c ie s ,  su p p o r ts  th e  su g g e s tio n  t h a t  p a th o g e n e s is  
in  d i f f e r e n t  h o s t-p a th o g e n  co m b in a tio n s  in v o lv e s  d i f f e r e n t  
b io lo g ic a l  p ro c e s s e s  (Cook, 1 9 7 2 ), even though M azzucchi, B as i 
and P u p i l io  (1979) su g g e s te d  a  common mechanism o f  h o s t - b a c t e r i a  
i n t e r a c t io n  in  th e  p r o te c te d  t i s s u e  based  on b a c t e r i a l  p r o te in -  
l ip o p o ly s a c c h a r id e  b in d in g  w ith  p la n t  c e l l  s u r f a c e s .  R a th w e ll and 
S e q u e ira  (1975) su g g e s te d  t h a t  p r o te c t io n  o f  p r e t r e a te d  to b a cco  
le a v e s  w ith  k i l l e d  c e l l s  was due t o  i n h i b i t i o n  o f  b a c t e r i a l  g ro w th .
P re v e n tio n  o f  HR depends on en v iro n m e n ta l f a c t o r s  such  a s  te m p e ra tu re ,  
l i g h t ,  h o s t ,  h o s t  v a r i e t y ,  h o s t  p r e -  and p o s t - t r e a tm e n t  (H ild eb ran d  
and R idd l'o , 1971; Novacky, Acedo and Goodman, 1973). B a c t e r i a l  
s t r a i n s  a l s o  a f f e c t  th e  in d u c t io n  o f  h y p e r s e n s i t iv e  r e a c t io n  (Cook 
and s t a l l ,  1969b; Lozano and S e q u e ira ,  197 0 a). N e v e r th e le s s ,  th e  
v a lu e  o f  HR t e s t s , u s in g  th e  K lem ent*s i n j e c t i o n  method to  d e m o n s tra te  
th e  p a th o g e n ic i ty  and so  h e lp  in  th e  i d e n t i f i c a t i o n  o f  £ .  m ich ig an en se  
s t r a i n s  u sed  h e r e ,  h as  been e s ta b l i s h e d .  .
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CHAPTER 7
ULTRASTRUCTURAL STUDIES OF HOST-PATHOGEN INTERACTIONS
7.1 In t r o d u c t io n
I t  i s  r e p o r te d  t h a t  p la n t s ,  a s  a  means o f  r e s i s t a n c e ,  im m ob ilise  
and l a t e r  e n c a p s u la te  bo th  s a p ro p h y tic  b a c t e r ia  (Goodman, Huang 
and W hite , 1976; S e q u e ira , G aard and De Z o e ten , 1977; S in g  and 
S c h ro th , 1977); and h e te ro lo g o u s  o r  a v i r u l e n t  p a th o g e n ic  b a c t e r ia  
(Cason e t  £ l . , 1978; . Goodman and P lu ra d , 1971 ; P o l i t i s  and 
Goodman, 1 9 78a). R ece n tly  th e  same k in d  o f  e n c a p s u la tio n  in  
homologous co m b in a tio n s  has been r e p o r te d  (Daub and H agedorn,
1978; H ild e b ra n d , A lo s i and S c h ro th , 1980).
A common u l t r a s t r u c t u r a l  re sp o n se  o f  p la n t  t i s s u e s  in f e c te d  by 
p a th o g en s  i s  th e  s w e llin g  o f  th e  h o s t  w a lls  in  c lo s e  p ro x im ity  to  
th e  p o in t  o f  . i n t e r a c t i o n . In  a d d i t io n  to  th e  s w e ll in g  re s p o n s e , 
v a r io u s  m o d if ic a t io n s  o f  th e  h o s t  c e l l  and cy to p la sm ic  o rg a n e l le s  
have been o b serv ed  (W heeler, 1975). Some o f  th e s e  changes may be 
b ro u g h t ab o u t becau se  o f  i n t e r a c t i o n  between J io s t  and p a r a s i t e  
a g g lu t in a t io n  f a c t o r s .  I t  i s  l i k e l y  t h a t  th e s e  f a c t o r s  a re  l e c t i n s  
(Goodman, Huang, Huang and T h a ip a n ic h , 1976; S e q u e ira , G aard and 
De Z o e te n , 1977; S e q u e ira  and Graham, 1977). H ost p la n t s  may 
a c t iv e l y  im m o b ilise  b a c t e r ia  by p ro d u c in g  an e n g u lf in g  membrane 
(B ogers, 1972) o r a  p e l l i c l e  (S e q u e ira , Gaard and De Z o e ten , 1977). 
On th e  o th e r  han d , H ild e b ra n d , A lo s i and S ch ro th  (1980) p o s tu la te d  
t h a t  many o f  th e  s t r u c tu r e s  o bserved  in  th e  e n g u lf in g  m a te r ia l  a re  
n o t  form ed a c t i v e l y  in  re sp o n se  t o  b a c t e r i a ,  b u t a r e  form ed a s  a  
r e s u l t  o f  p h y s ic a l  fo rc e s  in v o lv e d  in  w a te r d ry in g  from  i n t e r ­
c e l l u l a r  s p a c e s .
In  e x p e rim e n ts  d e sc r ib e d  p re v io u s ly  (C hap ter 6) i t  h as  been shown 
t h a t  to b a cco  le a v e s  i n f i l t r a t e d  w ith  a  heavy su sp e n s io n  (more th an
7
1 X  10 CFU/ml) o f  C. m ich iganense showed h y p e r s e n s i t iv e  r e a c t io n  
symptoms i n  7-15  h o u rs . " '  "- -  ■ ^
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M ature tom ato  le a v e s  i n f i l t r a t e d  w ith  homologous (C. m ic h ig a n e n se ) ,  
h e te ro lo g o u s  (£ . s y r in g a e ) o r s a p ro p h y tic  (£ . a e ru g in o s a ) b a c t e r i a ,  
were found to  show d i f f e r e n t  symptoms, p ro b ab ly  e x p re s s in g  u l t r a -  
s t r u c t u r a l  d i f f e r e n c e s  d u r in g  com pulsory  b a c t e r i a l  in g r e s s io n .  
Tomato le a v e s  i n f i l t r a t e d  w ith  in c o m p a tib le  sy r in g a e  showed HR 
b u t th e  symptoms w ere d i f f e r e n t  to  th e  HR caused  in  to b acco  le a v e s .
When m ature tom ato  le a v e s  w ere sp ray ed  w ith  C. m ich ig an e n se , t i n y  
w h ite  s p o ts  were seen  a f t e r  5 -8  days on th e  upper ep id e rm is  o n ly . 
(C hap ter 3 .1 ) .  I n f i l t r a t i o n  o f  s im i la r  tom ato  le a v e s  w ith  
£ .  m ich iganense  r e s u l t e d  in  l e a f l e t s  w ith e r in g  in  3-5  d a y s , w hereas 
young tom ato  c o ty le d o n s  i n f i l t r a t e d  w ith  th e  same su sp e n sio n  
w ith e re d  in  1-2 d a y s .
When tom ato  l e a f l e t s  were i n f i l t r a t e d  w ith  a  su sp en sio n  o f  
£ .  a e ru g in o sa  on ly  s l i g h t  c h l o r o s i s  was observed  a f t e r  s ix  d a y s .
The g ro s s  and u l t r a s t r u c t u r a l  ch anges o f  th e  above h o s t-p a th o g e n  
co m b in a tio n s  were s tu d ie d  s in c e  th e r e  i s  no work on th e s e  a s p e c ts  
o f  th e  d is e a s e  in  th e  l i t e r a t u r e .  The aim was to  u n d e rs ta n d  th e  
mechanism o f  th e  h o s t-p a th o g e n  i n t e r a c t i o n  th a t  le a d s  to  in f e c t io n  
o r to  r e s i s t a n c e .
7 .2  M a te r ia ls  and M ethods ^
B a c te r i a l  s u s p e n s io n s :
C orynebacterium  m ich ig an e ase  ( s t r a i n  G2) was used  a s  th e  homplogous 
pathogen  w ith  tom ato  p l a n t s , and a s  th e  h e te ro lo g o u s  pathogen  w ith  
to b acco  p l a n t s . Pseudomonas s y r in g a e  ( s t r a i n  K722) and Pseudomonas 
a e ru g in o sa  (s t r a i n  B8503) w ere u sed  w ith  tom ato  p la n ts  a s  in c o m p a tib le  
pathogen  and a s  s a p ro p h y te  r p s r c c t i v e l y . A ll  th e  in o c u la  were 
a t  a  c o n c e n tra t io n  o f  1-3 x 10 jCFU/ml and p rep a red  a s  d e s c r ib e d  
e a r l i e r .
Tobacco p l a n t s , N ic o t ia n a  tabacum  (c v . W hite B urley ) and tom ato
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Lycopersicum  escu len tu m  (c v . G re n a d ie r)  were grown in  g la s s h o u s e s  
a s  d e sc r ib e d  e a r l i e r .
I n o c u la t io n s :
Leaves in  th e  m iddle o f  th e  s tem  o f  to b acco  p la n ts  a t  th e  7-9  l e a f  
s ta g e  were in o c u la te d  w ith  C. m ich iganense  su sp en sio n  by 
E le m e n t 's  i n j e c t i o n  m ethod (K lem ent, 1963), u s in g  a 1 ml s y r in g e  
and a  27 gauge n e e d le .  V is ib le  w a te r-so a k in g  o f  th e  t i s s u e s  
d isa p p e a re d  a f t e r  30-60  m in u te s . L eaf sam ples were ta k en  a t  
3 , 6 , 9 and 18 h o u rs  a f t e r  i n f i l t r a t i o n .
The f i r s t  w e ll-d e v e lo p e d  le a v e s  o f  tom ato  p la n ts  a t  5 -7  l e a f  s ta g e  
were i n f i l t r a t e d  w ith  £ .  m ich ig an en se  (homologous p a th o g en ) ,
£ .  s y r in g a e  (h e te ro lo g o u s  p a th o g en ) and £ .  a e ru g in o sa  ( s a p ro p h y te ) .  
Young c o ty le d o n s  o f  10-14 days o ld  tom ato  s e e d lin g s  were i n f i l t r a t e d  
a l s o  w ith  £ .  m ic h ig a n e n se . The i n f i l t r a t i o n  was done u s in g  
H agborg 's  (1970) method (C h ap te r 9 ) .  L eaf sam ples, tak en  so  a s  t o  
avo id  wounded a r e a s ,  w ere removed a t  3 , 6 and 18 h ou rs a f t e r  
i n f i l t r a t i o n  and th e n  e v e ry  day up to  f iv e  d ay s .
W ell-developed  tom ato  le a v e s  w ere sp ray ed  w ith  a  su sp en sio n  o f  
£ .  m ich iganense u s in g  a  p a in t  s p ra y  gun h e ld  20 cm away from  th e  
l e a f  s u r f a c e s .  Sprayed  p l a n t s  w ere k e p t in  h ig h  RH f o r  24 h o u rs  
and th e n  k e p t on th e  benches o f  th e  g la s s h o u s e s .  "Leaves were 
sam pled ev e ry  day up t o  th e  e ig h th  day and a g a in  on th e  14th  d ay .
Sam ples from  p la n ts  sp ra y e d  o r  i n f i l t r a t e d  w ith  d i s t i l l e d  w a te r  
were used  f o r  com parison .
P re p a ra t io n  o f  t i s s u e  s e c t i o n s ;
In  p re lim in a ry  e x p e rim en ts  p h o sp h a te  and N a-C acodylate b u f f e r s  
were t r i e d  b u t f i n a l l y  th e  u se  o f  NaOH-PIPES (P ip e raz in e -N -N ' - b i s  
(2 -e th a n o l su lp h o n ic  a c id )  b u f f e r  (Salema and B randao, 1973) was 
p r e f e r r e d  because i t .gave b e t t e r  p r e s e rv a t io n  o f  th e  t i s s u e s .  I t  
was ea sy  to  p re p a re  and i t  was m ost s u i t a b le  fo r  "en b lo c "  s t a i n in g  
w ith  u ra n y l a c e t a t e .  A ll  th e  t r e a tm e n ts  w ere h e lp ed  -  w hen-'it was ; ^
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p o s s ib le  -  w ith  g e n t le  a g i t a t i o n  on a  r o t a t i n g  a p p a ra tu s  (Taab 
ty p e  1 1 ). The fo llo w in g  p ro ced u re  was fo llo w ed  a f t e r  p re lim in a ry  
t r i a l s  based  on s ta n d a rd  la b o ra to ry  p ro c e d u re s  and th e  G la u e r t 's  
(1974) recom m endations.
S e c t io n s  o f  l e a f  sam ples ab o u t 1 mm were c u t  w ith  a  sh a rp  r a z o r  
and im m ed ia te ly  f ix e d  in  p l a s t i c  v i a l s  w ith  f r e s h ly  made 5% 
G ly ta ra ld e h y d e  (GA) in  0 .08  M NaOH-PIPES b u f f e r ,  pH 8 .0 ,  a t  room 
te m p e ra tu re .  The sam ples were s u b je c te d  to  vacuum i n f i l t r a t i o n  
f o r  th e  f i r s t  o f  th e  fo u r  hour f i x a t i o n .  F ix ed  t i s s u e s  were r in s e d  
th r e e  tim e s  in  NaOH-Sucrose-PIPES b u f f e r  (a m ix tu re  o f  0 .05  M 
su c ro se  and 0 .2  M NaOH-PIPES b u f f e r  (1 :1 ,  v / v ) ) ,  a t  pH 6 .8 ,  f o r  
two h o u rs  a t  room te m p e ra tu re  o r  o v e rn ig h t a t  4 °  C. The sam ples 
w ere p o s tf ix e d  w ith  2% osmium t e tr o x id e  (OsO^) in  0 .18  M NaOH- 
PIPES b u f f e r ,  pH 6 .8 ,  a t  room te m p e ra tu re  f o r  two h o u rs . The 
OsO^ d i l u t i o n  was made and s to r e d  in  a  fume cupboard  f o r  24 hours 
to  a llo w  th e  OsO^ to  d is s o lv e  c o m p le te ly . A f te r  w ashing th re e  
tim e s  f o r  two h o u rs  in  b u f fe r  th e  sam ples w ere d eh y d ra ted  f o r  15 
m in u tes  i n  a  s e r i e s  o f  30 , 5 0 , 70 , 8 0 , 90% e th a n o l  and tw ice  fo r  
30 m in u tes  in  a b s o lu te  a lc o h o l .  I f  n e c e s s a ry ,  th e  sam ples were 
k e p t o v e rn ig h t in  70% e th a n o l a t  4 °  C. Sam ples in  90% e th a n o l 
were s ta in e d  " e n .b lo c "  w ith  s a tu r a t e d  u ra n y l a c e ta t e  f o r  two h o u rs  
in  th e  d a rk  a t  room te m p e ra tu re . A f te r  d e h y d ra tio n  in  a b s o lu te  
e th a n o l  th e  sam ples were p laced  in  two ch anges o f  je th a n o l:  p ro p y len e  
ox ide  ( 1 :1 ,  v /v )  m ix tu re  f o r  30 m in u tes  e a c h , and f i n a l l y  in  pure 
p ro p y len e  o x ide  f o r  60 m inu tes b e fo re  t r a n s f e r r i n g  them to  a  
m ix tu re  o f  p ro p y len e  o x id e : S p u r r*s  r e s in  (1 :1 ,  v /v )  f o r  o v e rn ig h t 
t r e a tm e n t . S p u r r ' s  (1969) low v i s c o s i t y  r e s i n  was used  because 
i t  e a s i l y  p e n e t r a te s  th e  t i s s u e s . The r e s i n  c o n s is te d  o f :
. 1 . ERL 4206 (V iny l cyclohexene  d io x id e ) 10.0 g
2 . DER 736 (Dow epoxy r e s in )  7 .0  g
3 . NSA (Nonenyl s u c c in ic  an h y d rid e )  2 6 .0  g .
4 .  S - I l (D im ethyl amino e th a n o l)  0 .4  g j /
More DER 736 was used  th a n  S p u rr * S o r ig i n a l  fo rm u la tio n  to  make 
th e  b lo c k s  l e s s  b r i t t l e . The p ro p o r tio n  o f  r e s i n  was in c re a s e d  
e v e ry  two h o u rs  u n t i l  f i n a l l y  th e  sam ples'W ere in  pû ré  ré lè itt.
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The v i a l s  were l e f t  open to  a llo w  e v a p o ra tio n  o f  any rem a in in g  
p ro p y len e  o x id e . A f te r  two c h a n g e s , f iv e  h o u rs  e a c h , w ith  f r e s h ly  
made r e s i n ,  th e  sam ples were embedded in  p l a s t i c  o r alum inium  
f o i l  d i s c s  and p u t i n t o  an oven a t  60° C under vacuum o f  400 mm 
m e rc u r ic , f o r  48 h o u rs  fo r  p o ly m e riz a tio n  o f  th e  r e s i n .  The 
hardened  b lo c k s  were trimmed w ith  a  hacksaw . In  o rd e r  to  o r i e n t a t e  
th e  b lo c k s  and s e l e c t  s u i t a b le  a r e a s  f o r  u l t r a t h i n  s e c t i o n s ,  th u s  
sa v in g  t im e , t h i c k  s e c t io n s  o f  1-2 um (De B ru ijh  and M cG ee-R ussell, 
1965) w ere c u t  w ith  g la s s  k n iv e s  on an LKB U ltra to m e I I I .  The 
th ic k  s e c t io n s  were mounted in  a  d rop  o f  w a te r on c le a n ,  g r e a s e -  
f r e e  g la s s  m icroscope  s l i d e s  and were e i t h e r  s ta in e d  o r exam ined 
w ith  a  p h a s e - c o n t r a s t  m ic ro sco p e . The fo llo w in g  s t a i n s  w ere used  
f o r  th i c k  s e c t io n s :
1. M onochrom atic s t a i n s
a .  T o lu id in e  b lu e  s t a i n  (Borax 1 g , T o lu id in e  b lu e  
powder 1 g ,  d i s t i l l e d  w a te r  100 ml)
b . A zure B s t a i n
(Borax 1 g ,  Azure B 1 g .  D i s t i l l e d  w a te r  100 ml)
2 . P o ly ch ro m a tic  s t a i n s
a .  W allis*  (1974) s t a i n
( 1 :1 ;m ix tu re  o f  1% A zure B in  d i s t i l l e d  w a te r  and 
1% m e th y len e -b lu e  in  1% in  aqueous s o lu t io n  o f  
sodium  b o ra te )
b . S a to  and S ham oto 's  (1973) s t a i n
(M onobasic and sodium  ph o sp h a te  0 .5  g ,  b a s ic  fu c h s in  
0 .2 5  g , and m e th y le n e -b lu e  0 .2  g were d is s o lv e d  
w ith  c o n tin u o u s  a g i t a t i o n  in  15 ml o f  0.5% b o r ic
a c id .,  and 70 ml o f  d i s t i l l e d  w a te r .  F in a l ly ,  10 ml
o f  0,72% NaOH was ad d ed . The pH was 6 .8 ) .  - ..
S e c t io n s  were s ta in e d  on th e  s l i d e s  f o r  f iv e  seconds t o  f iv e  
m in u te s . The p re p a re d  s l i d e s  w ere h e a te d  t o  ap p ro x im a te ly  60° &
t o  im prove p e n e t r a t io n  o f  th e  s t a i n s , r in s e d  i n  ta p  w a te r  and >
a llow ed  t o  d ry .  The above p ro ced u re  was r e p e a te d  many tim e s  b u t  
none o f  th e  above s t a i n s  worked s a t i s f a c t o r i l y . T h is  was p ro b a b ly
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because th e y  do n o t  p e n e t r a te  and s t a i n  w ith  S pu rr * s  r e s i n .  
P re v io u s ly  th e s e  s t a i n s  have been u sed  w ith  o th e r  epoxy r e s i n  w 
embedding m edia. M ethods o f  s t a i n in g  th ic k  s e c t io n s ,  based  on 
rem oval o f  th e  r e s i n  (S nodgress e t  a l . ,  1972) were n o t  t r i e d  
because th e y  a re  v e ry  tim e consum ing.
A f te r  ex am in a tio n  o f  th e  th ic k  s e c t io n s  and p ro p er o r i e n t a t i o n  o f  
th e  b lo c k s , u l t r a t h i n  s e c t io n s  w ere c u t  on a  LKB m icrotom e W ith 
g la s s  k n iv e s .  G o ld - s i lv e r  s e c t io n s  (70-150 nm th ic k n e s s )  w ere 
f l a t t e n e d  u s in g  d ic h lo r o e th y 1 - e th e r  v ap o u r, p icked  up on fo rm v ar- 
co a te d  g r id s  (100 um) and s to r e d  on f l u f f l e s s  t i s s u e  p ap er in  a  
p l a s t i c  p e t r i  d is h .  The fo rm v a r-c o a te d  g r id s  were p rep a red  a s  
fo llo w s  :
C lean , d u s t - f r e e  g la s s  s l i d e s  w ere d ipped  in t o  0.2%-0.5% s o lu t io n  
o f  form var in  ch lo ro fo rm  and a llo w ed  to  d r a in .  When d ry , th e  edges 
o f  th e  s l i d e s  were sc o re d  w ith  a  r a z o r  b la d e . The s l i d e s  were 
th e n  c a r e f u l ly  low ered  a t  an a n g le  in t o  a  d is h  o f  membrane f i l t e r e d  
d i s t i l l e d  w a te r ,  and th e  f i lm  o f  fo rm var f lo a te d  away from  th e  
s l i d e s .  Copper g r id s  (100 um) w ere p la c e d  fa c e  down on th e  f i lm  
and th e  f i lm  c o l l e c t e d  on a n o th e r  s l i d e .  The s l i d e s  w ere a llo w ed  
to  d ry  and th e n  wrapped c a r e f u l ly  w ith  f i l t e r  p a p e r . The g r i d s ,  
com plete  w ith  form var f i lm ,  c o u ld  ne  d e tach ed  from th e  s l i d e s .b y  
ru n n in g  a  sh a rp  n e e d le  around  th e  edge o f  th e  g r id , to  b reak  th e  
f i lm  h o ld in g  i t  t o  th e  s l i d e .
Sometimes s e c t io n s  were mounted on u n co a ted  50 mesh g r id s  b u t th e y  
were u s u a l ly  to r n  v e ry  e a s i l y  d u r in g  e le c t r o n  bombardment. .
P o s t s e c t io n in g  s t a i n i n g :
Drops o f  u ra n y l  a c e t a t e , s a tu r a te d  in  70% e th a n o l ,  were p la c e d  on 
wax s h e e ts  in  a  p e t r i  d is h  and th e  g r id s  f lo a te d  oh th e  s t a i n  f o r  
15 m in u tes  and were th e n  washed w ith  d i s t i l l e d  w a te r . D uring  t h i s  
s t a in in g  p ro ced u re  a  few p e l l e t s  o f  NaOH were p la c e d  in  th e  p e t r i  
d is h  t o  red u ce  COg c o n ta m in a tio n . F u r th e r  s t a in in g  was c a r r i e d  o u t 
w ith  le a d  c i t r a t è  s t a i n  (R ey n o ld s , 1963). The s t a i n  was s to r e d  in
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a p l a s t i c  b o t t l e  which was k e p t in  a  l a r g e r  wide necked p l a s t i c  
j a r  c o n ta in in g  NaOH p e l l e t s .  D rops o f  le a d  c i t r a t e  s t a i n  were 
p laced  on a  wax s h e e t  in  a  p e t r i  d is h  and th e  g r id s  were p la ced  
on to  th e  s u r fa c e  o f  th e  s t a i n  im m ed ia te ly  a f t e r  b e in g  washed from  
u ra n y l a c e t a t e .  The s e c t io n s  w ere s ta in e d  f o r  15-30 m inu tes and 
th en  washed w ith  d i s t i l l e d  w a te r .  The s ta in e d  s e c t io n s  were 
examined in  a  Z e is s  EM9a e l e c t r o n  m icroscope a t  60 KV. The beam 
i n t e n s i t y  was in c re a s e d  s lo w ly  t o  p re v e n t th e  s e c t io n s  b u rn in g . 
P ho tographs were ta k e n  on I l f o r d  f i lm .
In  o rd e r  to  s tu d y  th e  m orphology o f  £ .  m ich ig an e n se , b a c t e r i a l  c e l l s
were f ix e d  f o r  two h o u rs  in  5% G lu ta ra ld e h y d e  in  0 .08  M NaOH-PIPES 
b u f f e r ,  pH 8 .0  a t  room te m p e ra tu re .  B a c te r ia  were washed by 
c e n t r i f u g a t io n  in  0 .2  M NaOH-PIPES b u f f e r ,  pH 6 .8 ,  in  th r e e  changes 
f o r  15 m in u te s  e a c h . Sam ples w ere f ix e d  f o r  one hour a t  room 
te m p e ra tu re  in  2% OsO^ in  0 .1 8  M NaOH-PIPES b u f f e r ,  pH 6 .8 .  The 
b a c te r ia  were th en  washed th r e e  tim e s  in  0 .2  M NaOH-Sucrose-PIPES 
b u f f e r .  A f te r  w ash ing , th e  a g a r  method o f  R y te r and K e llen b e rg  a s
d e s c r ib e d  by G la u e r t  (1974) was fo llo w e d .
A 2% s o lu t io n  o f  a g a r  was p re p a re d  by d is s o lv in g  th e  a g a r in  
b o i l in g  d i s t i l l e d  w a te r  . The s o lu t io n  was poured in t o  a  t e s t  tu b e  
and k e p t in  a .w a te r  b a th  a t  4 5 °  C. The c e n t r i f u g e  tu b e  c o n ta in in g  
th e  p e l l e t  o f  b a c t e r i a l  c e l l s  was a l s o  p la c e d  in  a  w ate r b a th  a t  
45° C. A sm a ll, d rop  o f  a g a r  (ap p ro x im a te ly  0 .003 ml) was 
t r a n s f e r r e d  to  th e  c e n t r i f u g e  tu b e  w ith  a  warm p ip e t t e  and th e  tu b e  
was g e n t ly  shaken to  suspend  th e  c e l l s  in  th e  a g a r .  The tu b e  was 
t i l t e d  so  th a t ,  th e  a g a r  ra n  down th e  s id e  to  form  a  drop  on a  c o o l 
g la s s  m ic ro sco p ic  s l i d e .  A f te r  two m in u tes  th e  s o l i d i f i e d  a g a r
3
c o n ta in in g  th e  c e l l s  was c u t  i n t o  sm a ll cubes ab o u t 1 mm w ith  a  
r a z o r  b la d e . The c u b es  were th e n  p ro c e sse d  a f t e r  f ix in g  w ith  
OsO^ in  th e  same way a s  d e s c r ib e d  f o r  l e a f  m a te r ia l .  The r e s u l t s  
a re  shown on P la te  120.
B a c te r ia  w ere a l s o  n e g a t iv e ly  s ta in e d  u s in g  2% p h o sp h o tu n g s tic  a c id  
in  d i s t i l l e d  w a te r w ith  0.01% B ovine serum  albumen f o r  b é t t e r
■■
d i s t r i b u t i o n  o f  th e  s t a i n .  The pH was a d ju s te d  t o  7 .0  w ith  a  few I
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dro p s o f  1 N NaOH. A d rop  o f  washed b a c t e r ia  from a  24 h o u rs  
c u l tu r e  suspended  in  SDW a t  a c o n c e n tr a t io n  o f  5-6  x 10^ CFU/ml 
was p la c e d  on fo rm var c o a te d  g r i d s .  When th e  su sp en sio n  had 
d r ie d ,  a  d rop  o f  n e g a t iv e  s t a i n  was p la ced  on th e  g r id ,  l e f t  f o r  
one m inu te  and th e  e x c e s s  s t a i n  removed w ith  th e  edge o f  a  f i l t e r  
paper (m o d if ic a t io n  o f  th e  method o f  S h o rt and W alker, 1976).
The g r id s  w ere l e f t  t o  d ry  b e fo re  ex am in atio n  in  th e  e le c t r o n  
m ic ro sco p e . R e s u l t s  a r e  shown on P la te  12B.
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7.3 Results
Tobacco l e a f l e t s  i n f i l t r a t e d  w ith  C. m ichiganense
C o n tro l p la n ts  (P la te  14) c o n ta in  t y p i c a l  mesophy11 c e l l s .  They 
a re  h ig h ly  v a c u o la te d  w ith  p lanoconvex  c h lo ro p la s ts  r e g u la r ly  
a rra n g e d  in  a th in  la y e r  o f  p e r ip h e r a l  cy to p lasm . Grana s ta c k s  and 
in t e r g r a n a l  th y la k o id s  a r e  w e ll  sh ap ed . Each c h lo ro p la s t  c o n ta in s  
a number o f  s ta r c h  g r a in s  o f  no rm al s i z e . The plasm a lemma ru n s  v e ry  
c lo s e  to  th e  w a ll .
Two and a  h a l f  h o u rs  a f t e r  i n f i l t r a t i o n  (P la te  15) b a c t e r ia  were 
e n c lo se d  by a  f i b r i l l a r  o r g r a n u la r  c u t i c u la r  la y e r .  The la y e r  
a p p e a rs  a t ta c h e d  t o ,  o r  may be r e le a s e d  from , th e  c e l l  w a l l .  The 
cy top lasm  o f  th e  h o s t  c e l l s  s e p a r a te s  from  th e  plasmalemma and 
becomes v e s ic u la te d .  Some o f  th e  membranous v e s ic l e s  produced in  
th e  cy top lasm  app ear to  have moved tow ards th e  sw o llen  c e l l  w a l l .
S ix  h o u rs  a f t e r  i n f i l t r a t i o n  ( P la te  16) th e  c h lo ro p la s ts  had become 
sw o lle n , c o n ta in in g  la r g e  s t a r c h  g r a in s ,  some o f  which w ere co m p le te ly  
d is o rg a n is e d  due to  r u p tu r e  o f  t h e i r  bounding membranes. Some 
m ic ro b o d ies  c o n ta in e d  c y r s t a l l i n e  enzyme in c lu s io n s  (Goodman and 
P lu ra d , 1971).
F i f te e n  h o u rs  a f t e r  i n f i l t r a t i o n  (P la te  17) b a c te r ia  were s t i l l  
enveloped  b u t had m u l t ip l i e d .  Most o f  th e  c e l l s  had c o l la p s e d .
The cy to p lasm  was a g g re g a te d  i n t o  th e  c e n tre  a s  an amorphous s ta in e d  
m ass. In  th e se  c e l l s  o n ly  la r g e  s ta r c h  g r a in s  were i d e n t i f i a b l e .
Some c e l l s  t h a t  had s t i l l  n o t  c o l la p s e d  were h ig h ly  v e s ic u la te d  
and c h lo r o p la s t s  were a b s e n t  ( P la te  17C).
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P la te s  14 to  17
Tobacco L e a fle ts  i n f i l t r a t e d  w ith 
£ .  m ichiganense
P la te  14
C o n tro l .  Tobacco l e a f l e t s  i n f i l t r a t e d  w ith  w a te r , 
d r ie d  and sampled im m ediately
V acuolated c e l l  showing planoconvex c h lo ro p la s ts  (c) 
arranged ad jacen t to  the  c e l l  w all (W), Vacuole (Va) 
cytoplasm s (Gy). x 5 ,843
P o rtio n  of c o n tro l c h lo ro p la s t (C) c lo se  to  the  c e l l  
w all (W) showing in te rg ra n a l  th y lak o id s  (IT ), grana 
s ta c k s  (G), osm iophyllic g lo b u li  (0 ), s ta rc h  (S ).
X 183,750.
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P la te  15 : Tobacco c e l l s  2 .5  hours a f te r  i n f i l t r a t i o n  w ith
£ .  michiganense
A : B ac te ria  (B) a re  enclosed  by c u t ic u la r  lay er (CuL)
Cytoplasm i s  s c a tte re d  and v e s ic le s  (V) have been 
produced.
Plasmalemma v e s ic u la te d  (YPl)
C ell w all c lo se  to  b a c te r ia  i s  swollen 
C h lo rop last (C), Osm iophyllic g lo b u li (0) 
M itochondrion (M). x 17,500.
C ell w alls  a re  sw ollen and densely s ta in ed  g ran u la r 
f i b r i l l a r  m a te r ia l (DSM) appears to  be re leased  
from the w a lls . Cytoplasm i s  sep a ra tin g  from 
c e l l  w a lls . Plasmalemma v es icu la te d  (VPl).
V esic les (V) have been produced in  the cytoplasm .
X 49,000.
150
jr Ï. " I . vc'j;
V  ‘  .  < k '
V
0
- C u t
150b
P la te  16 : Tobacco c e l l s  6 hours a f t e r  i n f i l t r a t i o n  w ith
£ .  michiganense
A ; C h lo ro p las t i s  separa ted  from cytoplasm  and i t s
envelope i s  broken. Lam ellar system i s  d iso rg an ised  
and c o n ta in s  la rg e  s ta rc h  g ra in s  (S ). Microbody 
from th e  o th e r c e l l  c o n ta in s  c r y s ta l l in e  enzyme 
in c lu s io n  (EN). V esic le s  (V) in  the c e n tre  of 
the c e l l .  X 17,500.
Host c e l l s  a re  not d iso rg an ised  but c h lo ro p la s ts  
a re  sw ollen and con ta in  la rg e  s ta rc h  g ra in s . 
Nucleus envelope and nucleus (N) normal. 
Plasmalemma i s  v e s ic u la te d  (arrow ).
X  5,585
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P la te  17 : Tobacco c e l l  15 hours a f t e r  i n f i l t r a t i o n  w ith
£ .  michiganense
A : H ypersensitive  re a c tio n  (HR) i s  com plete.
Most of the c e l l s  have c o lla p se d .
Cytoplasmic co n ten ts  have aggregated in to  
amorphous masses or a re  d isp ersed  in  the cen tre  
o f the  c e l l s  and only la rg e  s ta rc h  g ra in s  are  
i d e n t i f i a b le .  x 18,421.
B : Higher m agn ifica tion  o f co llap sed  c e l l s .
Amorphous s ta in ed  cytoplasm ic m a te r ia l (ASM). 
Note la rg e  s ta rc h  g ra in s  (S ). x 37,800.
C : Many b a c te r ia  (B) a t  the  ju n c tio n  of two c e l l s .
The cytoplasm  of the ho st c e l l s  i s  h igh ly  
v e s ic u la te d . x 8 ,400.
D : B a c te r ia l  colony enclosed by c u t ic u la r  la y e r .
Host c e l l s  beneath i t  have co lla p se d .
X  29,500.
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Tomato l e a f l e t s  I n f i l t r a t e d  w ith  C. m ich iganense
C o n tro l le a v e s  showed ty p i c a l  c e l l s  a s  i s  d e sc r ib e d  fo r  c o n t r o l l  
c e l l s  o f  tom ato  c o ty le d o n s  ( P la te  27A-B) and to b acco  le a v e s  
(P la te  14).
Seven h o u rs  a f t e r  i n f i l t r a t i o n  ( P la te  ISA) b a c te r ia  n e a r  c e l l - w a l l s  
were f r e e  from any envelopm ent. In  o n ly  a  few c e l l s  had th e  strom a 
o f  th e  c h lo r o p la s t  become v e s ic u l a te d .
Twenty ho u rs  a f t e r  i n f i l t r a t i o n  ( P la te  18B-C) th e  c e l l  w a ll was 
sw o llen  and f i b r i l l a r  m a te r ia l  was coming from  i t .  The cy top lasm  
was s e p a ra t in g  from  th e  c e l l  w a ll  and sm a ll v e s ic l e s  had been 
produced . O rg a n e lle s  were n o rm a l. B a c te r ia  appeared  e n c lo se d  w ith in  
d e n se ly  s ta in e d  f i b r i l l a r  m a te r i a l .
Three days a f t e r  i n f i l t r a t i o n  ( P la te  19) th e  s e p a ra t io n  o f  cy to p lasm  
was more p ronounced . C ytoplasm  and c y to p la sm ic  o rg a n e l le s  were 
d is p e rs e d  in  th e  c e n t r e  o f  th e  c e l l s  due to  ru p tu re  o f  th e  plasmalemma 
and to n o p la s t .  Many abnorm al membranous v e s ic l e s  had a l s o  been 
p roduced . The c e l l  w a ll  in  a r e a s  o f  e n c lo se d  b a c te r ia  was sw o llen  
r e le a s in g  d e n se ly  s ta in e d  f i b r i l l a r  m a te r ia l .
F iv e  days a f t e r  i n f i l t r a t i o n  ( P la te  20) th e  l e a f l e t s  had tak en  on a 
w h it is h -g re e n  c o lo u r  s im i la r  t o  l e a f l e t s  covered  w ith  w h ite  s p o ts  
a f t e r  sp ra y  in o c u la t io n .  The c h lo r o p la s t  had sw o llen  and t h e i r  
v e s ic u la te d  i n t e r g r a n a l  th y la k o id s  were broken and had r e le a s e d  
t h e i r  com ponents in t o  th e  c e n t r e  o f  th e  c e l l s .
B a c te r ia l  c e l l s  were e n c lo se d  in  d e n s e ly  s ta in e d  m a te r ia l  coming 
o u t from  th e  c e l l  w a l l .  Lysed b a c t e r i a  were Im pregnated  w ith  th e  
e n c lo s in g  m a te r ia l .  C ytoplasm  n e a r  c e l l  w a lls  had produced sm a ll 
v e s i c l e s .  In  th e  c e n t r e  o f  c e l l s  abnorm al membranes co u ld  be se e n .
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P la te  18 : Tomato l e a f l e t s  i n f i l t r a t e d  with
£ . m ichiganense
A : Mesophyll c e l l  from tom ato l e a f l e t  7 hours
a f te r  i n f i l t r a t i o n .  Bacterium  (B) near c e l l  
w all f re e  from any enveloping m a te r ia l.  The 
stroma of the  c h lo ro p la s t  i s  v e s ic u la te d  
(arrow ). M itochondrion (M).
X 50,689
Twenty hours a f t e r  i n f i l t r a t i o n .  Cytoplasm 
has separa ted  from c e l l  w all which i s  swollen 
(arrow ). M itochondrion (M).
X  18,487.
At the ju n c tio n  o f  two c e l l s  densely  s ta in ed  
f i b r i l l a r  m a te r ia l  has accumulated (DSM) 
p o ssib ly  as a re a c tio n  of the host c e l l s  a g a in s t 
nearby b a c te r ia .  Cytoplasm (Cy).
Mitochondrion (M). x 27,418.
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P la te  19 : Tomato l e a f l e t s  3 days a f t e r  i n f i l t r a t i o n  w ith
£ .  michiganense
A : Enveloped b a c te r ia  a t  the  ju n c tio n  of two c e l l s
One c e l l  w all i s  smooth, the o ther i s  swollen 
(arrow ). Cytoplasm has separated  from the- 
w a ll. V esic les  (V). Plasmalemma (PI) .  
Tonoplast (T).  Normal c h lo ro p la s t (C) and 
m itochondrion (M). x 17,500.
Host c e l l  has been d is to r te d .  Plasmalemma 
and to n o p la s t have been broken (arrow) and 
cytoplasm ic o rg an e lle s  a re  d ispersed  in  the 
c e n tre  o f the c e l l .  Abnormal membranes (Me), 
membranous v e s ic le s  (V), remnant of cytoplasm  
(RCy). X  15,000.
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P la te  20 : Tomato l e a f l e t s  5 days a f t e r  i n f i l t r a t i o n  w ith
£ .  michiganense
A : B ac te ria  (B) enveloped in  densely  s ta in e d  m a te ria l
(DSM). M ateria l from ly s in g  bacterium  i s  
im pregnated w ith enveloping m a te r ia l 
M itochondrion (M). x 53,454.
C h lo ro p las ts  w ith broken envelopes have swollen 
and re le a sed  th e i r  c o n s ti tu e n ts  in to  the cen tre  
o f the  c e l l .  In te rg ra n a  th y lak o id s  a re  swollen 
and v es ic u la te d  (arrow).  x 52,500.
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Tomato l e a f l e t s  sp ray ed  w ith  C. m ich iganense
C o n tro l c e l l s  (P la te  21) showed t y p i c a l  m esophyll c e l l s  w ith  p la n o ­
convex c h lo r o p la s t  c lo s e  to  th e  c e l l  w a ll .  The cy top lasm  i s  th in  
and ru n s  a g a in s t  th e  c e l l  w a l l .  C h lo ro p la s ts  and m ito ch o n d ria  
show norm al c o n s t r u c t io n .  P a l i s a d e  c e l l s  a r e  c lo s e  to  th e  ep id e rm al 
c e l l s .
T hree days a f t e r  s p ra y in g  w ith  £ .  m ic h ig a n e n se , e le c t r o n  m icrographs 
( P la te  22) show th a t  th e  cy to p lasm  h as  s e p a ra te d  from th e  c e l l  w a ll 
and sm a ll membranous v e s i c l e s  have been p roduced . C ytoplasm ic 
o rg a n e l le s  a re  no rm al.
F iv e  days a f t e r  sp ra y in g  (P la te  23) when s p o ts  a re  obvious t o  th e  
naked eye ,  more u l t r a s t r u c t u r a l  ch an g es  co u ld  be d e te c te d .  C h lo ro ­
p l a s t s  were sw o llen  w ith  la rg e  s t a r c h  g r a in s  and many o rg a n e l le s  were 
d is p e rs e d  in  th e  c e n t r e  o f  th e  c e l l .  In  some c a s e s  c h lo ro p la s ts  
a p p ea r to  be r e le a s in g  v e s ic l e s  to w ard s th e  c e l l  w a ll (P la te  23B). 
B a c t e r ia l  c e l l s  n e a r  c e l l  w a lls  w ere seen  b u t no envelopm ent o f  
them was d e te c te d .
One day l a t e r  (P la te  24) more c h lo r o p la s t s  were d i s to r t e d .  Most o f  
th o s e  in  th e  c e n t r e  o f  th e  c e l l s  had d is ru p te d  envelope membranes. 
Some c e l l s  had c o l la p s e d  and were d ead . A ggregated cy top lasm  
c o n ta in e d  numerous o sm io p h y llic  g r a n u le s .  Where many b a c te r ia  were 
fo u n d , th e  c e l l  w a ll was sw o lle n .
In f e c te d  c e l l s  from e ig h t  days o ld  s p o ts  (P la te  25) had more 
d i s t o r t e d  c h lo r o p la s t s  w hich w ere e i t h e r  sw o llen  w ith  la rg e  s ta r c h  
g r a in s  o r  c o m p le te ly  d is p e rs e d  in  th e  cy to p lasm .
C e l ls  from 14 days o ld  s p o ts  ( P la te  26) had many c o l la p s e d  and 
p a l is a d e  and e p id e rm a l c e l l s .  Dead o r  in f e c te d  p a l is a d e  c e l l s  had 
been d e tach ed  from  ep id e rm al c e l l s .  Such detachm ent produced c o lb u r  
ch anges in  le a v e s  re c o g n is a b le  a s  s u r f a c e  s p o ts  (see  a l s o  SÈM 
C h ap te r 8 ) .  The deg ree  o f  d i s t o r t i o n  o f  in f e c te d  c e l l s  v a r ie d  
( P la te  2 6 0 .
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P la te s  21 to  26
Tomato l e a f l e t s  sprayed w ith 
C. michiganense
P la te  21 : C o n tro l. Tomato l e a f l e t s  u n tre a te d .
A ; P a lisa d e  c e l l s  (PC) in  c lo se  proxim ity  to
epiderm al c e l l s  (EC). C u tic le  (Cu)
X  4,101.
B : M esophyll c e l l  h ig h ly  vacuolated  showing
vacuole (Va), planoconvex c h lo ro p la s t c lo se  to  
c e l l  w a ll (W). Cytoplasm (Cy) i s  th in ,  c lo se  
to  c e l l  w a ll. X  3,645.
C : C h lo ro p las t in  c lo se  proxim ity  to  c e l l  w all (W),
grana (G), in te rg ra n a l thy lak o id s  ( IT) ,  
osm iophyllic  g lo b u li (0) ,  c h lo ro p la s t 
envelope (CE), stroma ( S t r ) .
X  37,333.
D : Normal m itochondrion (M) showing c r i s t a e  (Cr) .
M itochondrion envelope membranes (ME).
Ribosomes (R). x 64,145.
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P la te  22 : Tomato l e a f l e t  3 days a f t e r  sp ray ing  w ith
C. m ichiganense
A : C h lo ro p last seems in t a c t  bu t i s  se p a ra tin g  from
c e l l  w all (W). Plasmalemma (PI ) .
M itochondrion (M). Grana (G).
X 25,609.
B : Cytoplasm (Cy) s e p a ra tin g  from c e l l  w all (W).
C h lo ro p last (C), Osm iophyllic g lo b u li (0) ,
Grana (G), In te rg ra n a l th y lak o id s  (IT) .
V esic le s  have been re le a se d  from cytoplasm  
(arrow).  x 16,935.
C : ( in s e t)  D e ta il of above p ic tu re .
Membranous v e s ic le s  (V) move towards c e l l  
w all (W). X  55,921.
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P la te  23 : Tomato c e l l s  from 5 days old spo ts
A : B ac te ria  (B) between ad jacen t host c e l l s .
No enclosure i s  seen . The w all near the 
b a c te r ia  i s  more s ta in e d  (arrow) compared 
to  the r e s t  o f th e  c e l l  w a ll.
The cytoplasm  (Cy) i s  s c a t te re d .
X 17,500.
B : Cytoplasm has been sep ara ted  from c e l l  w all (W)
C h lo ro p las ts  seem to  be re le a s in g  sm all 
membranous v e s ic le s  (V) towards c e l l  w all (W) 
which i s  more dense ly  s ta in e d .
X  17,500.
C : In some c e l l s  the  c h lo ro p la s ts  (C) a re
swollen and co n ta in  la rg e  s ta rc h  g ra in s . 
C h lo rop lasts  in  ano ther c e l l  a re  d ispersed  in  
the cen tre  o f th e  c e l l  and con ta in  many 
osm iophyllic g lo b u li  (arrow).
X  17,500.
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P la te  24 : Tomato c e l l  from 6 days old s p o t .
A ; D isorgan ised  and ru p tu red  c h lo ro p la s t (arrow).
Lamellae a re  d is to r te d  and l ip id  d ro p le ts  (LD) 
seem to  hang being re le a se d  from the 
c h lo ro p la s t .
X 16,153.
B : B a c te r ia  (B) c lo se  to  sw ollen c e l l  w all (arrow)
Cytoplasm co n ta in s  m ainly d iso rg an ised  
c h lo ro p la s ts .  Many osm iophyllic  g ranu les ((Xî). 
X  16,153.
C : Host c e l l  has c o lla p se d . A ll the cytoplam i s
an amorphous densely  s ta in e d  mass. C e ll w ith  
c h lo ro p la s t  i s  probably n o t dead bu t i t s  
cytoplasm  i s  se p a ra tin g  from c e l l  w a ll.
X  4 ,038 .
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P la te  25 : Tomato c e l l  from 8 days old spo t
A : Three c e l l s  showing d if f e r e n t  k inds of
d is o rg a n isa tio n . In  c e l l s  1 and 3 the  
c h lo ro p la s ts  a re  separa ted  from the  c e l l  w a ll, 
and are  rounded w ith  sw ollen th y la k o id s . Some 
v e s ic le s  (V) a re  a lso  p re se n t. In  c e l l  2 a l l  
the  cytoplasm ic o rg an e lle s  a re  ru p tu red  and 
d isp ersed  and occupy the  whole c e l l .
Aggregated cytoplasm  (Cy) co n ta in s  
v e s ic le s  (V). x 16,153.
B : C e ll w ith d is ru p te d  c h lo ro p la s t envelope
detached from the  c e l l  w all and v e s ic u la te d  
stroma (VS). Plasmalemma d is ru p te d  and 
v e s ic u la te d  (VPl) V esic le s  (V),
C e ll w all (W). X  14,000.
C : C h lo rop last in  the  c e n tre  of the  c e l l  w ith
d is ru p te d  envelope and v e s ic u la te d  in te rg ra n a l  
th y lak o id s  and strom a. Grana w ith swollen 
in n e r (arrow) and ou te r (double arrow) lam ellae 
X  18,750.
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P la te  26 : Tomato c e l l  from 14 days o ld  s p o ts
A : A c e l l  w ith  d en se ly  s ta in e d  plasmalemma (P I ) .
Cytoplasm  ag g reg a ted  (ACy), The broken 
c h lo r o p la s ts  a re  d isp e n s in g  t h e i r  c o n s t i tu e n ts  
or a re  sw ollen  (SC). V e s ic u la te d  m icrobod ies (M). 
Many la rg e  membranous v e s ic l e s  (V) have been 
produced . x 16,153.
B : E piderm al and m esophyll c e l l s  a re  c o lla p s e d ,
dead and c o n ta in in g  amorphous s ta in e d  m a te r ia l .  
Stoma ( S t ) .  Epiderm al c u t i c l e  (ECu).
X 4 ,0 3 8 .
C : P a lis a d e  c e l l  c o lla p s e d  and de tached  from th e
ep iderm al c e l l  w ith  i n t a c t  ep id e rm a l c u t i c l e  (ECU) 
b u t d is tu rb e d  cy toplasm  (a rro w ). Next to  th e  
detached  and c o lla p s e d  p a lis a d e  c e l l  th e re  i s  a 
p a lis a d e  c e l l  de tached  from  th e  ep ide rm al c e l l s  
b u t co m p ara tiv e ly  i n t a c t .
X 4 ,7 7 2 .
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Tomato c o ty le d o n s  i n f i l t r a t e d  w ith  C. m ich iganense
C o n tro l c e l l s  from  tom ato  c o ty le d o n s  i n f i l t r a t e d  w ith  C. m ich iganense  
(P la te  27A, B) show t y p i c a l  no rm al c e l l s  s im i la r  to  th e  to b acco  
c e l l s  in  P la te  14.
P a lis a d e  c e l l s  c o n ta in  p lanoconvex  c h lo r o p la s t s  in  a  th in  s t r a n d  o f  
cy to p lasm  ru n n in g  c lo s e  to  th e  c e l l  w a ll .  C h lo ro p la s ts  a n d .o th e r  
o r g a n e l le s  show norm al s t r u c t u r e .
Due t o  i n f i l t r a t i o n  seme c h l o r o p l a s t s  were s l i g h t l y  sw o llen .
Seven h o u rs  a f t e r  i n f i l t r a t i o n  w ith  C. m ich iganense  (P la te  27C) 
b a c t e r i a  were seen  e n c lo se d  w ith in  a  c u t i c l e  coming o u t from sw o llen  
c e l l s  w a l l s .  The cy to p lasm  was d is r u p te d .
E ig h te e n  h o u rs  a f t e r  i n f i l t r a t i o n  (P la te  28) b a c t e r ia  had m u l t ip l ie d  
and th e y  w ere e n c lo se d  in  d e n s e ly  s ta in e d  f i b r i l l a r  m a te r ia l .
Around th e  e n c lo se d  b a c t e r i a  a  c l e a r  a r e a  co u ld  be s e e n . Most 
c h lo r o p la s t s  showed norm al s t r u c t u r e  b u t some o f  them were sw o llen  
w ith  a  g r e a t e r  number o f  l a r g e r  o sm io p h y llic  g lo b u l i  b u t l e s s  w e ll 
s ta in e d  th a n  th o se  in  c o n t r o l  c h l o r o p l a s t s .  In  many c e l l s  th e  
cy to p lasm  appeared  t o  be s e p a r a t in g  from  th e  c e l l  w a ll .
T hree days a f t e r  i n f i l t r a t i o n  ( P la te  2 9 ) ,  when m ost o f  th e  c o ty le d o n s  
were b row n-b lack  and had d e s ic c a te d ,  a s  in  th e  HR, th e  u I t r a s t r u c t u r e  
s tu d y  showed t h a t  c e l l s  had c o l la p s e d ,  t h e i r  c h lo ro p la s ts  c o n ta in in g  
la rg e  s t a r c h  g r a i n s . The cy to p lasm  had produced abnorm al membranes 
and b a c t e r i a  c o u ld  be seen  to  have m u l t ip l ie d  in  th e  e n c lo s in g  
m a t e r i a l .
I n . f i v e  days a l l  th e  c h lo r o p l a s t s  had tu rn e d  b la c k ,  th e  le a v e s  had ' 
w i l te d  and i t  was n o t  p o s s ib le  to  make f u r th e r  u l t r a s t r u c t u r a l  /
s t u d i e s .  ^
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P la te  27 : Tomato c o ty le d o n s  i n f i l t r a t e d  w ith
£ .  m ichiganense
A : C o n tro l. C otyledons i n f i l t r a t e d  w ith  H^O.
P a lis a d e  c e l l s  h ig h ly  v a c u o la te d  showing p lan o ­
convex c h lo r o p la s t s  c lo s e  to  c e l l  w a ll .  Some 
c h lo r o p la s t s  seem sw ollen  (a rro w ). 
I n t e r c e l l u l a r  space ( IS ) .
X 4 ,7 5 0 .
B : C o n tro l. Normal c h lo r o p la s ts  showing g rana
s ta c k s  (G),  in te r g r a n a l  th y la k o id s  ( IT) ,  
s ta r c h  ( S) ,  M itochondrion (M).
X  16,000 .
C : C otyledon c e l l  7 hours a f t e r  i n f i l t r a t i o n  w ith
£ .  m ich ig an en se . B a c te r ia  (B) a re  enveloped 
w ith  c u t i c l e  l a y e r .  The c e l l  w a ll i s  sw ollen  
r e l e a s in g  d e n se ly  s ta in e d  m a te r ia l  (a rro w ).
The cy top lasm  n ear th e  sw ollen  c e l l  w a ll i s  
d i s t o r t e d .  x 55 ,125 .
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P la te  28 : Tomato c o ty le d o n s  18 hours a f t e r  i n f i l t r a t i o n  w ith
C. m ichiganense
A : B a c te r ia l  c e l l s  have m u lt ip l ie d  and a r e  en c lo se d  -
in  d en se ly  s ta in e d  m a te r ia l  (DSM). Note th e  c le a r  
a re a  (h a lo ) around each  b a c te riu m . The 
cy top lasm  has s e p a ra te d  from th e  c e l l  w a ll  
(a r ro w ) . Abnormal membranes (Me).
X  2 ,1 0 0 .
B : B a c te r ia  enveloped in  th e  i n t e r c e l l u l a r  space (IS)
between two c e l l s .  C h lo ro p la s ts  a re  sw o lle n .
Many o sm io p h y llic  g lo b u l i .  The g ran a  and i n t e r ­
g ra n a l  th y la k o id s  a re  i n d i s t i n c t .  Membranous 
v e s ic le s  (V).  x 17,500.
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P la te  29 : Tomato c o ty le d o n s  3 days a f t e r  i n f i l t r a t i o n  w ith
£ .  m ich iganense
A : B a c te r ia  (B) a re  enveloped  a t  th e  ju n c tio n  o f
two c e l l s  by th e  c u t i c l e  l a y e r .  Near the  
sw o llen  c e l l  w a ll plasmalemma i s  v e s ic u la te d  (arrow ) 
X 16,406.
B : C e lls  have been d i s t o r t e d  and some c h lo ro p la s ts
c o n ta in  la rg e  s ta r c h  g r a in s  (a rro w ). I n t e r ­
c e l l u l a r  spaces (IS)  a re  d e n se ly  s ta in e d .
Abnormal membranes (Me), 
a 16,153.
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Tomato l e a f l e t s  i n f i l t r a t e d  w ith  P . sy r in g a e
Three h o u rs  a f t e r  i n f i l t r a t i o n  ( P la te  30) th e  c e l l  w a ll n e a r  b a c t e r i a  
had become sw o llen  and some b a c t e r i a l  c e l l s  can be found e n c lo se d  
by d e n se ly  s ta in e d  f i b r i l l a r  m a te r i a l .  The plasmalemma a p p e a rs  
v e s ic u la te d  and some d i s t i n c t  v e s i c l e s  had been p roduced .
O sm iophy llic  g lo b u l i  a re  b ig g e r  th a n  no rm al.
Seven h o u rs  a f t e r  i n f i l t r a t i o n  (P la te  31) th e  i n f i l t r a t e d  tom ato  
l e a f l e t s  w ere s t a r t i n g  to  d ry  and become brow n-b lack  in  c o lo u r .  
A natom ical s tu d ie s  showed b a c t e r i a  betw een th e  c o l la p s e d  h o s t  c e l l s .
In  th e  d is tu r b e d  cy to p lasm  many sm a ll v e s ic l e s  had been p ro d u ced .
Some c e l l s  were dead and t h e i r  cy to p lasm  occup ied  th e  whole o f  th e  
c e l l  a s  an amorphous m ass. A d jace n t c e l l s  showed d is p e rs e d  sw o llen  
c h lo r o p la s t s  w ith  la rg e  s t a r c h  g r a in s  and h ig h ly  v e s ic u la te d  cy to p lasm . 
In  in f e c te d  c e l l s  even th e  n u c le u s  had been d i s t o r t e d .  The n u c le a r  
envelope  was d is ru p te d  and th e  ch ro m a tin  was ag g reg a ted  to g e th e r .
Twenty h o u rs  a f t e r  i n f i l t r a t i o n  (P la te  32) th e  cy top lasm  had 
s e p a ra te d  and ag g re g a te d  in  am orphous m asses in  th e  c e n t r e  o f  th e  
c e l l s .  C e l ls  n e a r  th e  b a c t e r i a  had c o l la p s e d .  B a c te r ia l  c e l l s  w ere 
e n c lo se d  w ith  d e n se ly  s ta in e d  m a te r ia l  b u t th e y  had n o t m u l t ip l ie d .
The c h lo r o p la s t s  c o n ta in e d  la rg e  s ta r c h  g r a in s .  At t h i s  s ta g e  th e  
l e a f l e t s  had tu rn e d  brown and d e s ic c a te d  w ith o u t w i l t in g .
168b
P la te s  30 to  32
Tomato l e a f l e t s  i n f i l t r a t e d  w ith  
sy rin g a e
P la te  30 : Tomato l e a f l e t s  3 hours a f t e r  i n f i l t r a t i o n  w ith
£ .  sy rin g a e
A : The c e l l  w a ll  n e a r  th e  bac te riu m  (B) i s  sw o llen ,
Plasmalemma (PI)  i s  broken (a rro w ). O sm iophyllic  
g lo b u l i  ( 0 ) .  Grana s ta c k s  (G).  M itochondrion (M)
X 52,266
B acterium  d iv id in g  (DB) in  c o n ta c t  w ith  c e l l  w a ll 
(W) which i s  r e l e a s in g  d en se ly  s ta in e d  f i b r i l l a r  
m a te r ia l  (a rro w ). Cytoplasm , t h in ,  v e s ic u la te d ,  
s e p a r a t in g  from  c e l l  w a ll (W).
X  16 ,153 .
B acterium  (B) en c lo se d  by c u t i c u la r  la y e r  which 
seems to  be r e le a s e d  from sw ollen  c e l l  w a ll (W). 
Plasmalemma i s  b roken . V e s ic le s  (V).  F i b r i l s  (F).  
Strom a o f c h lo r o p la s t  (C) c o n ta in s  v e s ic le s  (arrow! 
X  62 ,7 2 0 .
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P la te  31 : Tomato l e a f l e t s  7 hours a f t e r  i n f i l t r a t i o n  w ith
sy rin g a e
A : B a c te r ia  (B) trap p ed  in  c o lla p s e d  c e l l .
C e l l  w a ll (W). V e s ic le s  (V).  F i b r i l s  (F) .
X 45 ,000 .
N ucleus membrane (NM) i s  ru p tu re d  and chrom atin  
i s  a g g re g a te d . In  th e  cy toplasm  th e re  a re  
v e s ic l e s  (V).  See a ls o  31C.
X  16,000.
N e c ro tic  c e l l  (NC) f i l l e d  w ith  amorphous n e c ro t ic  
cy top lasm . S ta rc h  g r a in s  (S) a re  th e  only  
i d e n t i f i a b l e  rem n an ts .. A djacen t c e l l s  a re  h ig h ly  
v e s ic u la te d  (arrow ) w ith  sw o llen  c h lo r o p la s t s  
c o n ta in in g  la rg e  s ta r c h  g ra in s  (S) .
B acterium  (B).  x 7 ,5 0 0 .
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P la te  32 : Tomato c e l l s  20 hours a f t e r  i n f i l t r a t i o n  w ith
_P. sy rin g a e
A : C u t ic le  la y e r  em veloping b a c te r i a .
C h lo ro p la s ts  from d i s to r te d  c e l l s  a re  ru p tu re d . 
One c h lo r o p la s t  c o n ta in s  la rg e  s ta r c h  g ra in s  (S) 
The cy top lasm  i s  s e p a ra te d  from th e  c e l l  w a ll .
X 19 ,090 .
A ll  c e l l s  a re  dead . The cy to p lasm ic  o rg a n e l le s  
have l o s t  t h e i r  i d e n t i t y  and on ly  s ta r c h  g ra in s  
(S) from  c h lo r o p la s t s  a re  i d e n t i f i a b l e .  
C ytop lasm ic  rem ains have ag g reg a ted  in  amorphous 
m asses in  th e  c e n tr e  o f th e  c e l l s .  Rupture 
o f  plasm a m em branes 'is  o bv ious.
X  19 ,090 .
171
172
Tomato l e a f l e t s  i n f i l t r a t e d  w ith  P . a e ru g in o sa
Three h o u rs  a f t e r  i n f i l t r a t i o n  m ost P. a e ru g in o sa  c e l l s  were found 
to  be enveloped  by a c u t i c l e  la y e r  and dense s ta in e d  m a te r ia l  
o r ig in a te d  from  th e  h o s t  c e l l  w a ll  (P la te  33A, B ). When b a c t e r i a  
have n o t  been en v e lo p ed , th e  h o s t  c e l l s  app ea r norm al (P la te  3 3 0 .
Seven h o u rs  a f t e r  i n f i l t r a t i o n  th e  en v e lo p in g  m a te r ia l  i s  more 
pronounced and many v e s ic l e s  o r ig i n a t i n g  from th e  h o s t  c e l l  w a ll  
and cy to p lasm  have been produced and im pregnated  in  th e  e n v e lo p in g  
m a te r ia l  ( P la te  34A).
A fte r  20 h o u rs  no f u r th e r  developm ent was n o tic e d  and th e  h o s t  c e l l s  
d id  n o t show any marked in j u r y .
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P la te s  33 and 34
Tomato l e a f l e t s  i n f i l t r a t e d  w ith  
£ .  a e ru g in o sa
P la te  33 : Tomato l e a f l e t s  3 hou rs  a f t e r  i n f i l t r a t i o n  w ith
a e ru g in o sa
A ; B a c te r ia  (B) enveloped  by c u t i c l e  l a y e r .
Cytoplasm  w ith  membranes and sm all s ta in e d  
v e s ic le s  (V).  M icrobody (Mb). C e ll  w a ll (W).
X 55 ,473 .
B : B a c te r ia  a re  n o t co m p le te ly  enc lo sed  by c u t i c l e
la y e r  (CuL).  Plasmalemma i s  v e s ic u la te d  
(a rro w ). x 4 5 ,2 3 0 .
C : B acterium  (B) n o t enveloped  bu t c e l l  w a ll has
s t a r t e d  to  sw e ll (a rro w ). C h lo ro p la s t norm al. 
Plasmalemma i s  broken (BPl ) .  S ta rc h  (S) .
X  16,935.
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P la te  34 Tomato l e a f l e t s  7 and 20 hours a f t e r  i n f i l t r a t i o n  
w ith  a e ru g in o sa
Tomato l e a f l e t s  7 hours a f t e r  i n f i l t r a t i o n .  
B acterium  enveloped  by th ic k  la y e r  o f  d e n se ly  
s ta in e d  m a te r ia l  (DSM). R eleased  v e s ic l e s  (V) 
from c e l l  w a ll a re  im pregnated  w ith  e n v e lo p in g  
m a te r ia l .  Cytoplasm  (Cy) d e n se ly  s ta in e d  and 
s e p a ra te d . x 62 ,553 .
Tomato l e a f l e t  20 hours a f t e r  i n f i l t r a t i o n .
C u tic le  la y e r  enve lop ing  b ac te riu m  and jo in in g  
two h o s t  c e l l s  i s  b roken . Plasmalemma v e s ic u la te d  
( P I ) .  In  th e  cy toplasm  many v e s ic l e s  (V) have 
been produced . C h lo ro p la s ts  a re  m ito c h o n d r ia ' (M) 
i n t a c t .  X  22 ,340 .
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7.4 Discussion
In  a l l  th e  tr e a tm e n ts  s tu d ie d ,  th e  u l t r a s t r u c t u r a l  changes were 
d e te c te d  b e fo re  any a p p a re n t e x t e r n a l  symptoms ap p ea red . The main 
u l^ i t r a s t r u c tu r a l  d i s t o r t i o n  came a b o u t a t  d i f f e r e n t  tim es  and to  
v a ry in g  e x te n ts  in  th e  v a r io u s  t r e a tm e n ts .
C le a r  sequences  o f  u l t r a s t r u c t u r a l  changes were d i f f i c u l t  to
d e te rm in e  because th e re  were w ide v a r i a t i o n s  between c e l l s  o f 
d i f f e r e n t  a r e a s  o f  th e  l e a f  and betw een a d ja c e n t  c e l l s  (P la te  25A).
N e v e r th e le s s ,  a  g e n e ra l  p a t t e r n  o f  change co u ld  be e s ta b l i s h e d .
Thus th e  in v a d in g  b a c t e r ia  w hether pa th o g en s o r s a p ro p h y te s , were 
lo c a l i s e d  a t  th e  ju n c t io n s  betw een m esophy ll c e l l s  or a t  p o in ts  
random ly a lo n g  c e l l  w a l ls .  At th e s e  p o in ts  th e  m esophyll c e l l  
c u t i c l e  ( S c o t t ,  1950) d e ta c h e s  from  u n d e r ly in g  sw o llen  c e l l  w a lls  
and im m o b ilise s  th e  b a c t e r ia  by e n c a p s u la t io n .  The plasmalemma 
d i r e c t l y  o p p o s ite  th e se  e n c a p s u la te d  b a c t e r i a  i s  h ig h ly  
v e s ic u la te d  and th e  cy top lasm  i s  s e p a ra te d  from th e  c e l l  w a ll .  In  
h o s t c e l l s  invaded  by p a th o g en s th e  c e l l  mam branes,o f th e  cy top lasm  
a re  d is o rg a n is e d  and ru p tu r e d .  Many o sm io p h y llic  g lo b u l i  and 
membranous v e s i c l e s  a re  p ro d u ced .
One f e a tu r e  t h a t  co u ld  be im p o r ta n t in  e x p la in in g  th e  in d u c tio n s  
o f  symptoms i s  th e  h a lo  around  b a c t e r i a  ( P la te s  28A, B and 19A). 
T h is  was n o t ic e d  m o stly  in  homologous c o m b in a tio n s . Fox (1972) 
n o tic e d  c l e a r  a r e a s  around p a th o g e n ic  b a c t e r i a .  H ild e b ra n d ,
A lo s i and S ch ro th  (1980) and S chm it (1978) su g g es ted  a  r e l a t io n s h ip  
betw een h a lo  s iz e  and p a th o g e n ic i ty .  H alo s iz e  may r e f l e c t  
d i f f e r e n c e s  in  e x t r a c e l l u l a r  p o ly s a c c h a r id e  (s lim e) p ro d u c tio n  a s  
w e ll  a s  in  enzyme a c t i v i t y .  S lim e , in  other, c a s e s ,  may have been 
e l im in a te d  due to  ch em ica ls  u sed  in  t i s s u e  p ro c e ss in g  f o r  e le c t ro n  
m icroscopy .
One q u i te  common u l t r a s t r u c t u r a l  symptom observed  in  t h i s  s tu d y  
o f  in f e c te d  p l a n t s ,  and n o t  d e s c r ib e d  u n t i l  now f o r  b a c t e r i a ,  was 
t h a t  th e  e x tre m e ly  sw o llen  c h lo r o p la s t s  c o n ta in e d  la rg e  s ta r c h  
g r a i j i s  d is p la c in g  th e  th y la k o id  sy stem  (P la te  1 6 ). In  many c a se s
I
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th e  s ta r c h  g r a in s  were th e  o n ly  i d e n t i f i a b l e  c e l l  c o n s t i tu e n t  in  
th e  d is o rg a n is e d  cy to p lasm . A b e rra n t s ta r c h  m etabolism  and 
a ccu m u la tio n  o f  s t a r c h  i s  known in  v i r a l  d is e a s e s  (C a rro l and 
Kosuge, 1969). I t  has been p o s tu la te d  t h a t  in  some v i r u s  in f e c t io n s  
th e re  i s  red u ced  s ta r c h  a c c u m u la tio n  because o f damage e i t h e r  to  
th e  s t a r c h  s y n th e s iz in g  system  o r  to  th e  s ta r c h  m e ta b o liz in g  
sy s tem s . In  o th e r  c a s e s ,  b o th  sy stem s may be in f lu e n c e d  (Goodman, 
K ira ly  and Z a i t l i n ,  1967). I t  may be t h a t  sw e llin g  o f  th e  c h lo r o p la s t  
c a u se s  r u p tu r e  o f  th e  c h lo r o p la s t  envelope so t h a t  a l l  th e  c h lo ro ­
p l a s t  c o n s t i t u e n t s  a re  r e l e a s e d ,  o r  a re  made a c c e s s ib le  to  d e s t r u c t iv e  
enzym es. F in a l ly ,  th e re  was co m p lè te  breakdown o f s u b - c e l lu la r  
o r g a n e l le s ,  th e  c e l l s  d ie  and some c e l l s  c o l la p s e .
The r e s u l t s  i l l u s t r a t e d  above show t h a t  when to b acco  le a v e s  
i n f i l t r a t e d  w ith  £ .  m ich iganense  (in co m p a tib le  r e l a t i o n )  g ro s s  
c y to lo g ic a l  and u l t r a s t r u c t u r a l  changes occur s im i la r  to  th e  h y p er­
s e n s i t i v e  r e a c t io n  in  to b a cco  when in f i l t r a t e d v w i th  o th e r  in c o m p a tib le  
p a thogens (Goodman and P lu ra d , 1 9 7 1 ; ' Goodman, Huang and W hite , 1976; 
P o l i t i s  and Goodman, 1978a), The th re s h o ld  f o r  HR was 1-3 x 10^
CFU/ml and th e  p o p u la tio n  t r e n d s  (C hap ter 6) were s im i la r  to  th o s e  
r e p o r te d  f o r  o th e r  in c o m p a tib le  co m b in a tio n s  ( K leraent, F a rk as  and 
L o vrekov ich , 1964; Klement and Goodman, 1967).
When tom ato  p la n t s  were i n f i l t r a t e d  w ith  P . s y r in g a e , a  h y p er­
s e n s i t i v e  r e a c t io n  was d ev eloped  b u t  th e  g ro s s ,  and some o f  th e  
u l t r a s t r u c t u r a l  symptoms w ere d i f f e r e n t  from th e  HR in  to b acco  
le a v e s .
The i n f i l t r a t e d  a re a  d id  n o t  tu r n  f l a c c id  in  5 -8  h o u rs  and c o l la p s e  
l a t e r ,  a s  i n  to b a c c o . I n s te a d ,  a f t e r  t h i s  tim e , th e  t i s s u e  became 
d ry  and tu rn e d  b row n -b lack . A t th e  u l s t r a s t r u c t u r a l  l e v e l  some 
marked d i f f e r e n c e s  betw een th e  two h y p e r s e n s it iv e  r e a c t io n s  were 
o b se rv ed . In  tom ato , a t  th e  end o f  HR, th e re  were few er c o l la p s e d  
c e l l s  th a n  in  HR developed  in  to b a c c o  (compare P la t e s  17A and 32B). 
Only c e l l s  n e a r  b a c t e r ia  had c o l la p s e d ,  th e  o th e r  c e l l s  had t h e i r  
cy typ lasm  d is o rg a n is e d  b u t n o t  c o n p le te ly  l o s t  and t h e i r  c e l l  w a lls
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were n o t  f l a c c i d  (P la te  32B). T h e ir  d ea th  may be th e  r e s u l t  o f 
to x ic  s u b s ta n c e s .  T h is  co u ld  e x p la in  th e  absen ce  o f  f l a c c i d i t y  
in  tom ato  HR and i t  may be due e i t h e r  to  d i f f e r e n c e s  between 
h o s t  s t r u c t u r e  o r  to  absence o f  b a c t e r i a l  m u l t i p l i c a t i o n .  The 
u l t r a s t r u c t u r a l  s tu d y  showed t h a t  b a c te r ia  had n o t  m u l t ip l ie d  in  
th e  same way in  tom ato  le a v e s  a s  in  tobacco  le a v e s .  T h is  c o n c lu s io n  
i s  s u p p o r te d  by ev id en ce  from  th e  v ia b le  p o p u la tio n  t r e n d s  in  th e  
h y p e r s e n s i t iv e  r e a c t io n .  The p o p u la tio n  o f £ .  m ich iganense  • 
i n f i l t r a t e d  i n t o  to b acco  le a v e s  in c re a s e d  f o r  a  s h o r t  p e r io d  and 
gave th e  t y p i c a l  cu rv e  f o r  in c o m p a tib le  r e a c t io n  (E rc o la n i and 
C ro sse , 1966; Klement and Goodman, 1967; see  a l s o  C hap ter 6 ) .
The p o p u la t io n  o f  £ .  s y r in g a e  s ta y e d  th e  same o r s l i g h t l y  d ec re ase d  
in  tom ato  le a v e s  (C hap ter 9 ) .  The th re s h o ld  f o r  HR in  tom ato  le a v e s
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w ith  £ .  p h a s e o l ic o la  was 1-2 x 10 CFU/ml. A d e c re a se  in  p o p u la tio n  
d u r in g  th e  h y p e r s e n s i t iv e  r e a c t io n s  was r e p o r te d  f o r  Xanthomonas 
p h a s e o l i  in  tom ato  p la n ts  by Hsu and Dickey (1972b).
A ttachm en t t o  c e l l  w a lls  a n d /o r  m u l t ip l ic a t io n  o f  in c o m p a tib le  
b a c t e r i a  seem s t o  cau se  c o l la p s e  o r r a p id  c o l la p s e  o f .to m a to  c e l l  
w a l l s .  Lozano and S e q u e ira  (1970a) showed c o l la p s e  o f  to b acco  
c e l l s  w ith o u t m u l t ip l ic a t io n  o f  T .  so lanaceanum . Klem ent (1977), 
S e q u e ira ,  Gaard. and De Z oeten  (1977) and S t a l l  a n d .Cook (1979) 
gave e v id e n c e  t h a t  b a c t e r i a l  c e l l  c o n ta c t  w ith  p la n t  c e l l  w a lls  i s  
n e c e s s a ry  f o r  th e  HR. Such c o n ta c t  i s  n o t th e  on ly , p r e r e q u i s i t e  
f o r  HR s in c e  s a p ro p h y te s  a t t a c h  to  c e l l  w a lls  a s  w e ll  (P la te  33A). 
S e q u e ira ,  G aard and De Z oeten (1977) re p o r te d  e n c lo su re  even o f 
h e a t - k i l l e d  c e l l s .  The in d u c tio n  o f  th e  HR i s  a p p a re n tly  dependent 
on th e  m e ta b o lic  a c t i v i t y  o f  th e  tra p p e d  b a c t e r i a .  S e q u e ira ,
G aard and De Z oeten  ( 1977 ) r e l a t e  th e  tim e needed f o r  a ttach m en t 
and envelopm en t o f  th e  b a c t e r i a  t o  th e  h o s t  c e l l  w a l l ,  t o  th e  tim e  
needed  f o r  in d u c t io n  o f  h y p e r s e n s i t iv e  r e a c t io n  w hereas Burgyan 
and K lem ent (1979) c o n s id e r  i t  t o  be th e  tim e needed f o r .  e a r ly  
s e l e c t i v e  p r o te c t io n  (ESP), a  d e fen ce  mechanism t h a t . d i f f e r s  frpm 
HR and a c q u ire d  r e s i s t a n c e .
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A lthough Cook (1972) r e p o r te d  what seems s im i la r  HR f o r  d i f f e r e n t  
Xanthomonads on p ep p er le a v e s ,  he d id  n o t  g iv e  any u l t r a -  
s t r u c t u r a l  d e t a i l s  f o r  t h i s  k in d  o f  h y p e r s e n s i t iv e  r e a c t io n .
Comparing th e  r e s u l t s  o f  th e  two h y p e r s e n s i t iv e  r e a c t io n s  i t  was 
concluded  t h a t  th o s e  o b ta in e d  f o r  one in c o m p a tib le  h o s t-p a th o g e n  
com bination  a re  n o t  n e c e s s a r i ly  th e  same a s  th e  r e s u l t s  f o r  o th e r  
in c o m p a tib le  c o m b in a tio n s .
When tom ato  l e a f l e t s  were i n f i l t r a t e d  w ith  £ .  m ich iganense 
( s u s c e p t ib le  co m b in a tio n ) th e  main h o s t-p a th o g e n  in t e r a c t io n s  to o k  
p la c e  b u t a t  a  l a t e r  tim e  (d e la y e d ) .  E n c lo su re  o f  th e  b a c t e r i a  
s t a r t e d  one day a f t e r  i n f i l t r a t i o n ,  by which tim e th e  b a c t e r i a  had 
m u l t ip l ie d  c o n s id e ra b ly .  H ost c e l l s  c o lla p s e d  a f t e r  3-5  days and 
u s u a l ly  th e  d is e a s e  had sp re a d  s y s te m ic a l ly . The im p reg n a tin g  
m a te r ia l  a g a in  was f i b r i l l a r  a n d /o r  g ra n u la r  a s  in  HR and had th e  
same o r  l e s s  " d e n s i ty "  c o n s id e ra b ly  l a t e r  th a n  in  th e  h y p e r s e n s i t iv e  
r e a c t i o n s . H orino  ( 1976 ) r e p o r te d  t h a t  f i b r i l l a r  . m a te r ia l  im p reg n a ted  
th e  co m p a tib le  X, o ry zae  in  20 days w hereas in  th e  in c o m p a tib le  i t  
appea red  a f t e r  th r e e  d a y s .
When young te n d e r  c o ty le d o n s  w ere i n f i l t r a t e d  w ith  th e  same su sp e n s io n  
o f  £ .  m ich iganense  a s  in  th e  p re v io u s  tre a tm e n t a l l . t h e  g ro s s  and 
th e  u l t r a s t r u c t u r a l  symptoms ap p ea red  s o o n e r . T h is  a g re e s  w ith  
o b se rv a tio n s  o f  M agyarosy and Buchanan (1975) who r e p o r te d  e a r l y  
d e s t r u c t io n  (16 h o u rs )  in  young bean p la n ts  i n f i l t r a t e d  w ith  a  
h ig h  inoculum  o f  F . p h a s e o l i c o la . Burkowicz and Goodman (1969) 
p o s tu la te d  t h a t  th e r e  i s  a  r e l a t i o n s h ip  be tw een .age and s e n s i t i v i t y  
o f  th e  i n f i l t r a t e d  a r e a .  The r e s u l t s  o f  Qmer and Wood (1969) a s  
w e ll  a s  r e s u l t s  o f  e x p e r im e n ts  d e s c r ib e d  in  C hapter 5 .3 ,  a g re e  
w ith  th e  above s u g g e s t io n .  I t  seem s p o s s ib le ,  a s  H ild e b ra n d ,
A lo s i and S c h ro th  (1980) s u g g e s t t h a t  c e l l  w a ll , m a te r ia l  may be 
l e s s  sw o llen  and l e s s  s o lu b le  in  o ld e r  t i s s u e s  th a n  in  young ones 
s in c e  th e  r a t e  o f  c e l l  w a ll  s y n th e s is  h as  d e c l in e d ,  th e  o ld e r  le a v e s  
th e r e f o r e  b e in g  more r e s i s t a n t  t o  d is e a s e .
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Comparing th e  sequence o f  th e  g ro s s  and u l t r a s t r u c t u r a l  symptoms 
between tom ato  le a v e a  a f t e r  s p ra y in g  o r i n f i l t r a t i o n  w ith  th e  same 
£ .  m ich iganense  su sp e n s io n , i t  seems lo g i c a l  to  assume th a t  in  
th e  i n f i l t r a t i o n  th e  w a te r in  th e  i n t e r c e l l u l a r  sp aces  c a u se s , 
o r a t  l e a s t  h e lp s ,  th e  s w e ll in g  o f  th e  h o s t  c e l l  w a ll and speeds 
up a l l  th e  l a t e r  s te p s  t h a t  ta k e  p la c e  d u rin g  th e  in f e c t io n  
p ro c e s s .  In  th e  sp rayed  le a v e s  th e  s p o ts  developed in  6-8  days 
and were sm a ll in  a re a  (0 .5  -  1 .5  mm in  d ia m e te r ) .  The la c k  o f  
w ate r in  th e  i n t e r c e l l u l a r  s p a c e s ,  th e  homologous r e l a t i o n ,  th e  
o ld  t i s s u e ,  a l l  th e se  le a d  to  th e  p ro d u c tio n  o f  a  th in  p e l l i c l e  w hich 
co u ld  e a s i l y  be broken by th e  vacuum i n f i l t r a t i o n  f ix a to r y  p ro c e ss  
( P la te s  19A, 32A). Sw ollen c e l l . w a l l s  were found o c c a s io n a lly  in  
c o n t r o l  t r e a tm e n ts .  I t  i s  p o s tu la te d  t h a t  w ater sw e lls  th e  c e l l  
w a ll  and i t . i s  th e  p re sen ce  o f  b a c t e r i a  t h a t  d e tach es  th e  c u t i c u l a r  
la y e r  o f  c e l l  w a lls  ex p o sin g  th e  u n d e r ly in g  f i b r i l l a r  la y e r .  
H i ld e b r a n d ,A lo s i  and S c h ro th  (1980) concluded  t h a t . t h e  f i lm  o f 
i n f i l t r a t e d  w a te r d is s o lv e s  m a te r i a l  on th e  p la n t  c e l l  w a ll s u r fa c e  
and a s  w a te r  e v a p o ra te s  from th e  i n t e r c e l l u l a r  s p a c e s , th e  d is s o lv e d  
m a te r ia l  becomes c o n c e n tra te d  and scxne o f  i t  po lym erizes  or 
condenses fo rm ing  a f i lm  o r a  d e p o s i t .  But th e  im p reg n a tin g  
m a te r ia l  c o n s i s t s  n o t  o n ly  o f  c e l l  w a ll  f i b r i l s  b u t a l s o  o f  v e s ic l e s  
and membranous frag m en ts  w hich in c r e a s e  w ith  th e  tim e . Most o f  them 
seem to  o r ig in a te  from  p la n t  c e l l  p r o to p la s t s  and w a lls  ( P la te s  23B, 
28B, 31A). Some membranes may a l s o  come from the< b a c t e r ia  (Passm oor 
and E pton , ,1978; S igee  and E p to n , 1975).
T u rner and Novacky (1974) c a lc u la te d  t h a t  1-10 c e l l s  o f £ .  p i s i  
caused  h y p e r s e n s i t iv e  c o l la p s e  o f  one to b acco  c e l l .  For c o n f lu e n t 
n e c r o s is  25% o f  th e  t o t a l  h o s t  c e l l s  m ust c o l la p s e .  W ith th e  
co m p a tib le  P . t a c a c i , K lem ent, H ev esi and S a sse r  (1978) re p o r te d  
t h a t  50 tim e s  more b a c t e r i a l  c e l l s  w ere n e c e ssa ry  f o r  th e  in d u c tio n  
o f  a  s i m i l a r  t i s s u e  c o l la p s e  in  th e  same tim e . S t a l l  and Cook 
(1966) c o n s id e r  t h a t  n e c r o s is  o f  s u s c e p t ib le  parenchyma o ccu rs  
a t  b a c t e r i a l  p o p u la tio n s  a p p ro x im a te ly  TOO tim es  g r e a te r  th a n  th o se  
in  h y p e r s e n s i t iv e  parenchym a. Goodman and Burkowicz (1970) ?uid 
K lem ent, H evesi and S a s se r  (1978) r e p o r te d  t i s s u e  n e c ro s is  a t  th e
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same tim e  in  co m p a tib le  and in c o m p a tib le  co m b in a tio n s  when h ig h  
b a c t e r i a l  c o n c e n tr a t io n s  were u s e d .
From th e  above r e s u l t s  and th e  r e s u l t s  in  C h ap te r 9 , and b e a r in g  
in  mind th e  s i m i l a r i t y  betw een h y p e r s e n s i t iv e  and s u s c e p t ib le  
symptoms, p a r t i c u l a r l y  th e  symptoms when young c o ty le d o n s  were 
u s e d , i t  i s  re a s o n a b le  to  s u g g e s t t h a t :
1. The mechanism o f developm ent o f  n e c r o s i s . i n  th e  s u s c e p t ib le
and h y p e r s e n s i t iv e  h o s ts  i s  v e ry  s im i l a r .
2 . A m ajo r p r e r e q u i s i t e  f o r  s u s c e p t i b i l i t y  i s  a  c h a r a c t e r i s t i c
t h a t  a llo w s  th e  pathogen  t o  m u l t ip ly  t o  a  number t h a t  c a u se s  
n e c r o s i s .
3 . The h y p e r s e n s i t iv e  and s u s c e p t ib le  n e c r o s is  in  th e  same h o s t
can  be d i f f e r e n t i a t e d  by th e  number o f  in d u c in g  b a c t e r i a .
4 . The tim e  needed f o r  th e s e  num bers to .b e  reac h ed  i s  th e  tim e f o r
symptom developm ent which i s  th e  same when h ig h  inoculum  i s  
in t ro d u c e d  in  th e  p la n t  t i s s u e s .
A ll  th e s e  a r e  based  on th e  know ledge t h a t  any h o s t-p a th o g e n  i n t e r ­
a c t io n  i s  a  p a th o lo g ic a l  p ro c e s s  l i a b l e  to  a l t e r a t i o n  by a  range  
o f  e n v iro n m e n ta l , b io p h y s ic a l  and chem ica l c o n d i t io n s .
7 .5  G e n e ra l Remarks
The s tu d y  showed th a t  h o s ts  -  tom ato  o r to b acco  le a v e s  -  i n t e r a c t  
u n ifo rm ly  a g a in s t  in v a d in g  b a c t e r i a  in  t h a t  s a p ro p h y te s , . 
in c o m p a tib le  and co m p a tib le  b a c t e r i a  were f i n a l l y  im m ob ilized .
T h is  i n t e r a c t i o n  ta k e s  p la c e  in  two s te p s :  a t ta c h m e n t and
en v e lo p m en t. The p ro c e s s  o f  a tta c h m e n t may be a n '.e s s e n t ia l  
" r e c o g n i t io n ” phenomenon t h a t  e s t a b l i s h e s  th e  f a t e  o f  th e  b a c t e r i a .  
E nvelopm ent fo llo w s  a tta c h m e n t and i t  i s  th e  r e s u l t  o f  a  s e r i e s  o f  
s t r u c t u r a l  chan g es t h a t  e n t r a p  th e  b a c t e r i a .  S in c e  sa p ro p h y tic  
b a c t e r i a  ( P la te  33A) and even h e a t - k i l l e d  c e l l s ,  a l s o  undergo 
a tta c h m e n t and envelopm ent (S e q u e ira , G aard a n d ;De Zoeten^ 1977), i t  
i s  e v id e n t  t h a t  th e s e  p ro c e s s e s  p e r  s e  do n o t  e x p la in  th e  in t e r a c t io n .
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The r a p i d i t y  o f  developm ent and lo c a l i z a t i o n  o f  th e  h y p e r s e n s i t iv e  
re sp o n se  s u g g e s ts  s t r o n g ly  t h a t  th e  p rim ary  e v e n t in  d e te rm in in g  
th e  c o m p a t ib i l i ty  o f  th e  h o s t  and p a r a s i t e  i s  some form  o f  
" r e c o g n i t io n ” lo c a l i s e d  a t  th e  i n t e r f a c e  between h o s t  and p a th o g e n . 
E rc o la n i (1970b) p o s tu la te d  t h a t  in d u c tio n  o f  th e  in t e r a c t io n  
depends on s p e c i f i c  e l i c i t o r ( s )  produced by th e  b ac te riu m  and 
s p e c i f i c  r e c e p to r ( s )  p re s e n t  in  th e  h o s t  c e l l .
One group o f  s u b s ta n c e s  t h a t  co u ld  p la y  th e  r o le  o f  r e c e p to r  i s  
l e c t i n s .  L e c t in s  a r e  u b iq u i to u s  in  th e  p la n ts  (C allow , 1975) and 
t h e i r  a b i l i t y  t o  b in d , to  d is c r im in a te  between d i f f e r e n t  
s a c c h a r id e  c o n s t i t u e n t s  o f  c e l l  s u r f a c e s ,  and to  a g g lu t in a te  c e l l s  
makes i t  p o s s ib le  t h a t  th e y  a re  in v o lv e d  in  th e  " r e c o g n i t io n ” 
o f  p l a n t - p a r a s i t e s  and in  d is e a s e  r e s i s t a n c e .  Wood (1976) s t a t e d  
t h a t  " w a ll bound p r o te in s  ( th a t  may be l e c t i n s )  r e le a s e d  by p e c t ic  
enzymes a r e  in v o lv e d  in  th e  e v e n ts  t h a t  d e term ine  s p e c i f i c i t y ” .
The o u te rm o st la y e r  o f  th e  b a c t e r i a l  w a ll i s  m em brane-like , 
c o n s i s t in g  o f  p r o t e i n s ,  l i p i d s  and p o ly s a c c h a r id e s .  In  a d d i t io n  t o  
th e s e ,  m ost b a c t e r i a  p roduce e x t r a c e l l u l a r  p o ly s a c c h a r id e s  (EPS) 
composed m o stly  o f  h e x o se s , h ex o ro n ic  a c id  and hexosam ines w hich 
may be p r e s e n t  a s  an o rg a n ise d  c a p s u le  t h a t  su rro u n d s  th e  b a c te r iu m  
o r i s  s e c r e te d  i n t o  th e  medium (S m ith , 1977). The EPS c o u ld  p la y  
th e  r o le  o f  th e  ■r e c e p te p . I t  seems t h a t  p la n t  le c .t in s  i n t e r a c t  
by b in d in g  w ith  b a c t e r i a l  c o n s t i t u e n t s .  Thus B ohloo l and Schm idt 
(1974) f i r s t  r e p o r te d  t h a t  soybean l e c t i n s  (SBL) combined 
s p e c i f i c a l l y  w ith  n o d u la tin g  s t r a i n s  o f  Rhizobium japon icum .
Boger (1972) and L ip p in c o t and L ip p in c o t (1969) re p o r te d  a tta c h m e n t 
o f  th e  b a c te r iu m  A grobacterium  tu m e fa sc ie n s  to  a  s p e c i f i c  wound 
s i t e  f o r  tum our in d u c tio n  in  K alanchoe d a ig rem o n tian a  and bean 
le a v e s  r e s p e c t iv e l y .  The b a c t e r i a  in  th e  above system s in v o lv e  
r h iz o b ia  and crown g a l l  b a c t e r i a ;  r e c o g n i t io n  i s  f o r  c o m p a t ib i l i ty  
and ta k e s  ad v an tag e  o f  th e  i n i t i a l  a ttach m en t t o  th e  h o s t  s u r f a c e ,  
w hereas to b a c c o  c e l l s  r e c o g n ise  and im m obilise  on ly  in c o m p a tib le  
s t r a i n s  o f  P . so lan acearu m  (S e q u e ira  e t  a l . ,  1977). I t  i s  su g g e s te d
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t h a t  p la n t  l e c t i n s  and EPS a re  in v o lv e d . L e c tin s  e x t r a c te d  from 
p o ta to  a g g lu t in a te d  a l l  34 rough  v a r i a n t s  o f  P . so lanacearum  t e s t e d ,  
b u t d id  n o t  a g g l u t i n a t e , o r o n ly  v e ry  w eak ly , a l l  55 sm ooth , 
v i r u l e n t  s t r a i n s  t e s t e d .  F a i lu r e  o f  v i r u l e n t  c e l l s  to  b ind  to  
th e  l e c t i n s  was c o r r e l a t e d  to  th e  p re se n c e  o f EPS (S eq u e ira  and 
Graham, 1977).
S e r ra  and T e je r in a  (1979) r e p o r te d  t h a t  su g a r c o n s t i tu e n t s  common 
am ongst fo u r  d i f f e r e n t  pseudomonad s t r a i n s  and to  co m p atib le  
L ycopersicum  e sc u le n tu m , te n d  t o  s u p p o r t  th e  id e a  t h a t  e x p la in s  
to le r a n c e  in  th e  h o s t  a s  b e in g  due to  s i m i l a r i t i e s  between i t s  
s t r u c t u r e s  and t h a t  o f  th e  s u p e r f i c i a l  p o ly s a c c h a r id e  o f  th e  
p a r a s i t e .
Goodman, Huang, Huang and T h a ip an ic h  (1976) re p o r te d  t h a t  in c o m p a tib le  
b a c t e r i a  w ere a g g lu t in a te d  in  v iv o  (u s in g  ap p le  l e a f  p e t io le  and 
and a v i r u l e n t  m u tan t o f  E rw in ia  am y lo v o ra) , and in  v i t r o , u s in g  
f l u i d s  o f  to b a c c o  p e t io l e  and a p p le  stem  apex a f te r ,  be ing  
i n f i l t r a t e d  w ith  P . p i s i  and £ .  am ylovora r e s p e c t iv e ly .  They 
su g g e s te d  t h a t  th e  a g g lu t in a t in g  f a c t o r s  were l e c t i n s  .or l e c t i n - l i k e  
s u b s ta n c e s .  S im i la r ly ,  B e n n e tt (1978) and Goodman, A yers and 
P o l i t i s  (1978) r e p o r te d  c o r r e l a t i o n  betw een s lim e  (EPS) o f  E rw in ia  
am ylovora and v i r u l e n c e . R e s u l t s  o f  ex p erim en t 2 .2 .2  su p p o rt th e  
above o b s e rv a t io n s .  Graham, S e q u e ira  and Huang (1^77) re p o r te d  
t h a t  r e s i s t a n c e  (L ovrekovich  and F a rk a s ,  1965) i s  induced  by 
a tta c h m e n t o f  l ip o p o ly s a c c h a r id e s  (LPS) to  c e l l  w a ll  l e c t i n s .
When p u r i f i e d  LPS were i n f i l t r a t e d  i n t o  to b a cco  le a v e s  and th en  
v is u a l i s e d  by e le c t r o n  m ic ro sco p y , i t  was found t o  be t i g h t l y  
a s s o c ia te d  w ith  th e  c e l l  w a l l .  The g e n e ra l  c o n c lu s io n  was t h a t  th e  
same i n t e r a c t i o n  o f  LPS w ith  th e  h o s t  c e l l  w a ll t h a t  may be 
r e s p o n s ib le  f o r  r e c o g n i t io n  o f  a v i r u l e n t  b a c t e r i a ,  may a l s o  be 
in v o lv ed  in  th e  in d u c tio n  o f  d i s e a s e  r e s i s t a n c e . S e q u e ira , Gaard 
and De Z oeten  (1977) showed t h a t  h e a t - k i l l e d  c e l l s  o f  a  B-1 s t r a i n  
o f  £ .  so lanacearum  were a t ta c h e d  and en v eloped  by to b acco  m esbphyll 
c e l l  w a l l s ,  i n  th e  same fa s h io n  a s  d e s c r ib e d  f o r  l i v e  c e l l s .
A sso c ia te d  w ith  t h i s  p r o te c t io n  i s  th e  a p p a re n t la c k  o f  a ttach m en t
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o f  c h a lle n g e d  l i v e  B-1 b a c t e r ia  t o  th e  h o s t  c e l l  w a l l .  A ttachm ent 
and envelopm ent o f  h e a t - k i l l e d  c e l l s  may r e s u l t  ,in  s i g n i f i c a n t  
changes in  the:;'jnake-up o f  th e  c e l l  w a l l ,  so  t h a t  l e c t i n s , o r  o th e r  
p u ta t iv e  a c c e p to r  s i t e s ,  a r e  co v ered  o r  rem oved. In  a d d i t io n ,
Klement (1977) and K lem ent, H evesi and S a s se r  (1 9 7 8 ) .su g g es ted  
t h a t  th e  developm ent o f  th e  n e c r o s is  in  th e  s e n s i t i v e  and h y p er­
s e n s i t i v e  h o s ts  can be induced  by a  g roup  o f  l iv in g  m e ta b o lic a l ly  
a c t iv e  b a c t e r i a ,  and th e  in d u c tio n  i s  a  fu n c tio n  o f  th e ' b a c t e r ia  
p e r  s e .
One im p o rta n t s te p  d u rin g  th e  developm ent o f  sp o t d is e a s e s  i s  th e  
ap p ea ran ce  o f  w a te r-so ak ed  s p o ts  w hich l a t e r  become n e c r o t i c .
B a c te r ia  need w a te r in  o rd e r  to  g a in  e n tra n c e  and m u ltip ly  in  t h e i r  
h o s t s .  Panapoulos and S ch ro th  (1974) have dem onstra ted  th e  r o l e  o f  
f l a g e l l a  m o t i l i t y  in  th e  in v a s io n  o f  jP. p h a s e o l ic o la  in  bean le a v e s .  
I t  was shown by C lay ton  (1 936 ), f o r  w i ld f i r e  d is e a s e  o f to b a c c o , 
t h a t  p e r s i s t e n t  w a te r-so ak ed  a r e a s ,  cau sed  by r a in y  w e a th e r, were 
e s s e n t i a l  f o r  developm ent o f  e p id e m ic s .
S a s s e r ,  M il le r  and F ie ld h o u se  (1970) d em o n stra ted  t h a t  th e  osm otic 
p o t e n t i a l  in  i n t e r c e l l u l a r  l e a f  f l u i d  i s  a  c o n t r o l l i n g  f a c to r  in  th e  
developm ent o f  d is e a s e .  Dry o u ts id e  a i r  n o rm a lly  i n h i b i t s  p o p u la tio n  
in c re a s e  o f  p a th o g en ic  b a c t e r i a , and a  p e r io d  o f  h ig h  r e l a t i v e  
hum id ity , and r a i n f a l l  re d u c e s  th e  o sm o tic  p o t e n t i a l  and a llo w s  
b a c t e r i a l .m u l t i p l i c a t i o n .  The i n t e r c e l l u l a r  sp a c e s  a re  r e l a t i v e l y  
d ry .  T hus, i t  seems obv ious t h a t  p h y to p a th o g e n ic -b a c te r ia .n e e d  
w a te r  o r  a  mechanism by which th e y  c o u ld  in d u ce  and m a in ta in  w ate r 
c o n g e s tio n  in  th e  i n t e r c e l l u l a r  s p a c e .
Keen and W illiam s (1971) f i r s t  r e p o r te d  t h a t  l ip o p o ly s a c c h a r id e s  
(LPS ) from  B. lacrym ains. induced  ■ w a te r  v so a k in g  in  cucumber le a v e s . 
E p to n , S ig ee  and Passmoor (1977) re p o r te d ,  t h a t  a  v e ry  low 
c o n c e n tr a t io n  o f  a  s l i g h t l y  im pure LPS p re p a ra t io n  o f  P_. p h a s e o l ic o la  
c e l l  w a lls  was c ap a b le  o f  c a u s in g  w a te r -s o a k in g  o f  bean le a v e s  which 
p e r s i s t e d  f o r  a t  l e a s t  one week a f t e r  i n f i l t r a t i o n . High m o lecu la r 
w e ig h t e x t r a c e l l u l a r  p o ly s a c c h a r id e s  (EPS) w ere p rep a red  by
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El-B anoby and Rudolph (1979b) from s e v e r a l  pseudomonads and 
xan thom onads. These p r e p a ra t io n s  induced  w a te r-so a k in g  on ly  in  
th e  s u s c e p t ib le  h o s t  p la n ts  o f  th e  b a c t e r i a .  P u r i f ie d  EPS 
p r e p a r a t io n s  from  £ .  p h a s e o l ic o la  proved to  be h o s t - s p e c i f i c  on 
one s p e c ie s  and a t  c u l t i v a r  l e v e l  (El-Banoby and R udolph, 1979a).
A s im i la r  s p e c i f i c  a c t i v i t y  was d em o n stra ted  in  th e  e x u d a te s  o f 
£ .  p h a s e o l ic o la  in f e c te d  bean stem s (Rudloph, 1978).
Two t h e o r i e s  have been proposed  to  e x p la in  th e  w i l t in g  o f tom ato 
p la n t s  w hich i s  th e  main symptom o f  b a c t e r i a l  can k e r caused  by 
£ .  m ic h ig a n e n se , nam ely m ech an ica l p lu g g in g  o f  xylem and th e  
a c t io n  o f  to x in s .  Patino-M endez (1964) c o n s id e rs  t h a t  th e  e x t r a ­
c e l l u l a r  p o ly s a c c h a r id e s  produced by £ .  m ich iganense a re  p h y to ­
to x in s  o f  h ig h  m o le c u la r  w eig h t t h a t  cause  w i l t in g  by m e ch an ic a lly  
p lu g g in g  xylem  t i s s u e .  On th e  o th e r  hand , R ai and S t r o b e l  (1969a, b) 
s u b s c r ib e  to  th e  id e a  t h a t  w i l t in g  comes ab o u t by a c t io n  o f  phy to ­
to x ic  g ly c o p e p tid e s  c o n ta in in g  th r e e  b io lo g ic a l ly  a c t i v e ,  s e r o lo g ic a l ly  
r e l a t e d  f r a c t i o n s  t h a t  damage c e l l  membrane sy stem s. Dow and Callow
(1979) r e p o r te d  t h a t  th e  f r a c t i o n  from  c u l tu r e  f i l t r a t e s  o f  th e  
tom ato  l e a f  mould pathogen  F u lv ia  fu lvum , t h a t  e l i c i t s  a r a p id  
le ak ag e  from  i s o l a t e d  l e a f  m esophy ll c e l l s ,  c o n ta in s  g ly c o p e p tid e s .
Patino-M endez (1964) found t h a t  £ .  m ich iganense  p roduces sm a ll 
am ounts o f  p e c t in - m e th y le s t e r a s e , p o ly g a la c tu ro n a s e , and c e l lu la s e  
in  v iv o  and in  v i t r o , b u t a s  Dimond (1970) s t a t e d ,  s tu d ie s  o f  th e  
c o r r e l a t i o n  betw een v iru le n c e  o f  a pathogen and th e  am ounts o f  
p e c t o ly t i c  and c e l l u l y t i c  a c t i v i t y  produced by i t  in  c u l t u r e ,  i s  
n o t  n e c e s s a r i l y  m e an in g fu l. W a llis  (1977) s tu d y in g  th e  u l t r a -  
s t r u c t u r a l  symptoms o f  w i l t in g  in  tom ato , r e p o r te d  t h a t  
£ .  m ich ig an en se  depends la r g e ly  on p o sse ss io n  o f  a  v e ry  a c t iv e  enzyme 
system  f o r  i t s  p a th o g e n ic i ty .  L e l l i o t  (1966) s t a t e d  t h a t  a lth o u g h  
some c i r c u m s ta n t i a l  ev id en ce  in d i c a te s  t h a t  c e r t a in .  C o ry n e b a c te r ia  
may produce w i l t - in d u c in g  to x in s ,  w i l t in g  i s  caused  in  th e s e  s p e c ie s  
p ro b a b ly  a s  a  r e s u l t  o f th e  m ech an ica l p lu g g in g  o f  th e  v e s s e ls  and 
enzym atic  d i s r u p t io n  o f  w a te r-c o n d u c tin g  t i s s u e s .
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Cason e t  £ l .  (1978) in v e s t ig a te d  th e  u l t r a s t r u c t u r a l  changes in  
th e  s u s c e p t ib le  and immune c o t to n  le a v e s  in o c u la te d  w ith  
X.  m alvacearum  and su g g e s te d  t h a t  e a r ly  in d u c tio n  o f p e c t in o ly t i c  
enzymes may d e te rm in e  in c o m p a t ib i l i ty ,  and a d e la y  in  enzyme 
in d u c tio n  may p e rm it co m p a tib le  r e a c t io n s .  Hopper £ t  a l . (1 9 7 5 ), 
s tu d y in g  th e  n e c r o s i s  in d u c tio n  in  c o t to n ,  found t h a t  on ly  c u l tu r e  
f i l t r a t e s  p o s se s s in g  p o ly m e th y lg a la c tu ro n a se  a c t i v i t y  were a b le  
to  cause  n e c r o s is  and p o s tu la te d  t h a t  b a c t e r i a l  p e c t ic  enzymes 
a re  r e s p o n s ib le  f o r  t r i g g e r in g  HR, and th e s e  enzymes a re  n o t form ed, 
o r t h e i r  fo rm a tio n  i s  g r e a t ly  d e la y e d , in  s u s c e p t ib le  i n t e r a c t i o n s .
The sequence o f  ch anges d e s c r ib e d  h e re  f o r  C,  m ich iganense f i t  th e  
p re v io u s  p o s tu la t io n .  The h a lo  around b a c t e r i a  (P la te s  28A, B and 
19A) co u ld  r e s u l t  from  enzym atic  a c t io n  o r  s lim e  p ro d u c tio n , 
because e x t r a c e l l u l a r  p o ly s a c c h a r id e s  can r e t a i n  and c o n c e n tra te  
e x c re te d  enzymes a l lo w in g  a  h ig h  lo c a l  a c t i v i t y  (Schm it, 1978).
Yoder (1980) p o in ts  o u t t h a t  m ost o f  th e  c r i t e r i a  used  to  e v a lu a te  
th e  p a th o lo g ic a l  s ig n i f i c a n c e  o f  to x in s  ( e .g .  symptom p ro d u c tio n  
by th e  to x in ,  p re se n c e  o f  to x in s  in  th e  p la n t ,  k in e t i c s  o f  to x in  
p ro d u c tio n  a t  key s te p s  in  symptom p ro d u c tio n , and c o r r e l a t i o n  o f  
v i ru le n c e  w ith  th e  q u a n t i ty  o f  to x in  p ro d u ced ), a lth o u g h  l o g i c a l ,  
a r e  in c o n c lu s iv e  in  p r a c t i c e
In  th e  p h y s io lo g ic a l  co m p lex ity  o f  th e  h o s t - p a r a s i t e  in t e r a c t io n  i t  
i s  d i f f i c u l t  to  d i s t i n g u i s h  cause  from e f f e c t .  For exam ple, th e  
p o s s ib le  r o l e  o f  ammonia in  d is e a s e  symptom p ro d u c tio n  and th e  
r e l a t i o n s h ip  o f  i t s  p ro d u c tio n  to  u l t r a s t r u c t u r a l  changes a re  
n o t c l e a r ,  and e x p e r im e n ta l r e s u l t s  c o n t r a d ic to r y .  Cook and S t a l l  
(1969a). and S t a l l  e t  a l .  (1 9 7 0 ), r e p o r te d  t h a t  v o l a t i l e  b a c t e r i a l  
p ro d u c ts  may be a s s o c ia te d  w ith  th e  h y p e r s e n s i t iv e  r e a c t io n  in  
p la n t s .  One com ponent o f  such  v o l a t i l e  p ro d u c ts  seems to  be 
ammonia, B ashan, Okon and H a r r is  (1980) a t t r i b u t e  th e  b la c k  
n e c r o t ic  speck  symptom produced by £ .  tom ato  in  tom ato p la n ts  to  
ammonia produced  by th e  b a c te r iu m , L ovrekov ich , Lovrekovich and 
Goodman (1969, 1970) p o s tu la te d  t h a t  h o s t  s p e c i f i c i t y  was due to
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d if f e r e n c e s  in  th e  tim e n e c e s s a ry  f o r  accu m u la tio n  o f to x ic  amounts 
o f  NHg in  h y p e r s e n s i t iv e  and s u s c e p t ib le  t i s s u e s .  A ccording to  
t h e i r  d a ta ,  accu m u la tes  more r a p id ly  in  h y p e r s e n s i t iv e  t i s s u e  
than  in  s u s c e p t ib le  t i s s u e  a f t e r  in o c u la t io n .
On th e  o th e r  hand . S t a l l ,  H a ll and Cook (1972) found t h a t ,  w ith  
eq u a l num bers o f  b a c te r ia  in  b o th  ty p e s  o f  t i s s u e s ,  NH  ^ appeared  
sooner in  h y p e r s e n s i t iv e  t i s s u e  th a n  in  s u s c e p t ib le  t i s s u e .
Goodman (1972) d e te c te d  NH  ^ a f t e r  HR was d ev e lo p ed . T ra b u ls i ,  
W hitbread and D u ck e tt (1978) i n t e r p r e t e d  t h e i r  d a ta  a s  in d ic a t in g  
th a t  ammonia r e s u l t e d  from  c e l l u l a r  changes and was n o t i t s  p rim ary  
c a u se . I t  i s  p ro b ab le  t h a t  th e  p re se n c e  o f ammonia in  in f e c te d  
t i s s u e s  r e s u l t s  from damaged c e l l s  (O 'B rien  and Wood, 1973), o r 
from red u ced  p r o te in  s y n th e s is  (Goodman, 1972b). L ovrekovich , 
L ovrekovich  and Goodman (1969) r e p o r te d  t h a t  ammonia fo rm atio n  in  
in f e c te d  t i s s u e  may d e r iv e  m ain ly  from  th e  m etabolism  o f  th e  b a c te r ia ,
W heeler (1975) r e p o r te d  t h a t  to x in s  can  cause  e i t h e r  ty p i c a l  o r 
a ty p ic a l  symptoms depending  on c o n c e n tr a t io n  and on a ssa y  p ro c e d u re s . 
The u l t r a s t r u c t u r a l  changes f o r  th e  t r e a tm e n ts  s tu d ie d  h ere  showed 
many r e s u l t s  in  common. In  p a r t i c u l a r , th e  r e s u l t s  o f c o ty le d o n s  
were s im i la r  to  r e s u l t s  o f  h y p e r s e n s i t iv e  r e a c t io n s .
C e r ta in  u l t r a s t r u c t u r a l  ch an g es, such  a s  s w e llin g  and g ra d u a l 
d isa p p e a ra n c e  o f c h lo ro p la s t  th y la k o id s ,  in c re a s e  in  th e  s iz e  o f  
o sm io p h y llic  g lo b u l i ,  v é s ic u la t io n  and breakdown o f to n o p la s t  and 
plasmalemma, have been re p o r te d  by B addeley  (1971) in  se n e sc in g  
p la n t s .  G rea t s i m i l a r i t i e s  to  ch anges in  sen escence  have been 
re p o r te d  f o r  o th e r  d is e a s e s .  ( S t r o b e l ,  Hess and S te in e r ,  1972). 
Indeed  a  th e o ry  p ro p o sin g  th a t  d is e a s e  i s  an a c c e le r a te d  senescence  
has been advanced by L ovrekovich and F a rk as  (1963). S ince  c h lo r o s i s  
i s  a  common f e a tu r e  o f  sen escen ce  and o f  many d is e a s e s  i t  i s  t o  be 
exp ec ted  t h a t  s im i la r  u l t r a s t r u c t u r a l  changes may o ccu r.
P o l lu t io n  and h e rb ic id e  t r e a tm e n ts  a l s o  d i s r u p t  l e a f  c e l l s  in  a 
s im i la r  way. M alho rta  (1976) b e l ie v e s  t h a t  tho  membranes o f  p in e
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n e e d le  c e l l s  a re  .the m ost s e n s i t i v e  s i t e s  to  p o l l u t i o n ,  SO^, 
e s p e c i a l l y  th o s e  o f  c h lo r o p la s t s .
The h e r b ic id e  a t r a z in e  induced  th e  c h lo r o p la s t s  o f  P h aseo lu s  
v u lg a r i s  to  become s p h e r ic a l ,  th e  com partm ents o f  th e  g ran a  
sw e lle d  and th e  c h lo r o p la s t  envelope  and th e  sw o llen  com partm ents 
u l t im a te ly  d i s in t e g r a te d  (A shton, G if fo rd  and B is a lp u t r a ,  1963). 
S im ila r  u l t r a s t r u c t u r a l  changes induced  in  th e  c h lo r o p la s t  o f 
to b a c c o  by p y r ic h lo r  a re  d e sc r ib e d  by Geronimo and H err (1970).
W ith p a ra q u a t  and d iq u a t, ro u n d in g  o f  th e  c h lo r o p la s t s  to o k  p la ce  
a f t e r  th e  d i s r u p t io n  o f  th e  plasmalemma (Dodge, 1971).
The common re a c t io n s ,  o f  th e  h o s t  to  d i f f e r e n t  b a c t e r i a  and th e  
r e p o r t s  o f  common r e a c t io n  o f  h o s t  to  d i f f e r e n t  d i s e a s e s  and to  
s e n e sc e n c e , c h e m ic a ls , m ech an ica l wounding (W heeler and Hanchey, 
1968) and to  h e r b ic id e s  show t h a t  p la n ts  have a  l im i te d  number o f 
ways o f  re sp o n d in g  to  d is tu rb a n c e s .
P a th o g en s a c t  by p rod u cin g  to x in s .a n d  enzymes t h a t  i n t e r a c t  w ith  
th e  h o s t .  The e x t r a c e l l u l a r  p o ly s a c c h a r id e s  o f  pa th o g en s cou ld  
a c t  a s  a g g re s in s  -  a s  in  an im al p a th o lo g y  -  which b reach  h o s t 
d e fe n c e s  and en ab le  th e  pathogen  to  p r o l i f e r a t e .  A ggresin s  them­
s e lv e s  may o r  may n o t be to x ic  to  th e  h o s t .  In  f a c t ,  th e  main 
v i r u le n c e  mechanism o f many an im al b a c t e r i a ,  e .g .  B alm onellae  
pneym ococçi and A nthrax b a c i l l i , i s  t h e i r  r e s i s t a n c e  to  in g e s t io n  
by p h ag o cy te s  (S m ith , 1977), an d , in  many c a s e s ,  c a p s u la r  p o ly ­
s a c c h a r id e s  a r e  r e s p o n s ib le .  So th e  main fu n c t io n  o f  EPS o f  th e  
p la n t  p a th o g en s  a s  to x in s  m ight be to  p re v e n t a tta c h m e n t a n d /o r  
envelopm ent t o  s p e c i f i c  l e c t i n s  on h o s t ; :c e l l  w a l l s .  In  h y p er­
s e n s i t i v e  r e a c t io n s  w ith  s lim e -p ro d u c in g  s t r a i n s ,  i t  seems p ro b ab le  
t h a t  t h e i r  EPS i s  q u a l i t a t i v e l y  o r q u a n t i t a t i v e l y  d i f f e r e n t  from 
t h a t  o f  a  co m p a tib le  s t r a i n .
E x t r a c e l l u l a r  p o ly s a c c h a r id e s  may a c t  a s  a  p rim ary  f a c to r  (K lem ent, 
1968) p re v e n t in g  th e  HR or a g g lu t in a t io n  o f  b a c t e r i a l  c e l l s .  They 
may a l s o  a c t  a s  secondary  f a c t o r s  t h a t  le a d  to  s u s c e p t ib le  r e a c t io n s  
th ro u g h  th e  a c t io n  o f  enzymes and to x in s .
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A nother p o s s i b i l i t y  i s  t h a t  EPS a c t s  a s  a p a th o g e n ic i ty  f a c t o r  
an d /o r  a s  a v i r u le n c e  f a c t o r .  P a th o g e n ic i ty  h e re  means sim ply  
th e  a b i l i t y  t o  cau se  d is e a s e ,  and v iru le n c e  means th e  amount o f  
e x te n t  o f d is e a s e  caused  (Yoder, 1980).
C rosse (1968) and Buddenhagen and Kelman (1964) concluded  t h a t  no 
s in g le  d e te rm in a n t can e x p l a i n , s p e c i f i c i t y  o f  p a th o g en ic  b a c t e r i a  
fo r  t h e i r  h o s t  p l a n t s .  Dimond (1970) and H ildeb rand  (1968) 
commented t h a t  symptoms a re  th e  r e s u l t s  o f many p a th o g en ic  f a c t o r s ,  
y e t th e  r e s u l t s  o f  t h i s  s tu d y , a s  w e ll a s  th e  r e s u l t s  o f  th e  o th e r  
w ork ers , j u s t i f y  th e  fo rm atio n  o f  th e  fo llo w in g  p h y s io lo g ic a l  p la n t  
p a th o lo g ic a l  c o n c e p ts  a s  o u tl in e d  by Lukezic and h is  co -w o rk ers
( 1 9 8 0 ):
1. R e s is ta n c e  i s  th e  in h e re n t  a b i l i t y  o f  an organism  to  p re v e n t o r
r e s t r i c t  th e  e s ta b l is h m e n t a n d /o r  su b seq u en t a c t i v i t i e s  o f  a 
p o t e n t i a l  p a th o g en .
2 . In v ad in g  b a c t e r i a  m ust occupy a  s p e c i f i c  s i t e  in  th e  s u s c e p t ib le
h o s t t o  i n i t i a t e  th e  exp ec ted  d is e a s e  syndrom e.
3 . P a r a s i t i c  s p e c i f i c i t y  depends upon in t e r a c t io n s  o f  conp lem en tary
h o s t  and pathogen  m o lecu les t h a t  f a c i l i t a t e  m u l t ip l ic a t io n  o f  
th e  p o t e n t i a l  p a th o g en .
4 . E x t r a c e l lu la r  p o ly s a c c h a r id e s  produced by v i r u l e n t  b a c t e r i a
co v er th e  b in d in g  s i t e s  on th e  h o s t w a ll l e c t i n  which a llo w s  
b a c t e r i a l  m u l t ip l i c a t io n  in  th e  i n t e r c e l l u l a r  sp a c e s .
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CHAPTER 8
SCANNING ELECTRON MICROSCOPE STUDIES
8.1  I n tro d u c t io n
S tu d ie s  u s in g  th e  S cann ing  E le c tro n  M icroscope (SEM) were u n d ertak en  
because  t h i s  ty p e  o f  in s tru m e n t w ith  i t s  c o n s id e ra b le  dep th  o f fo cu s  
and a b i l i t y  t o  m agnify  beyond th e  ran g e  o f  th e  l i g h t  m icroscope 
a llo w s  th e  more c r i t i c a l  e x am in a tio n  o f  b a c te r ia  and in f e c te d  t i s s u e .
U sing a JEOL JSM 25S m ic ro sco p e , th e  fo llo w in g  s tu d ie s  were made:
A. M orphology o f  C. m ich ig an en se  c e l l s .
B. Anatomy o f  in f e c te d  v a s c u la r  t i s s u e .
C. E xam ination  o f  l e a f l e t s  w i l te d  by C. m ich ig an e n se .
D. D evelopm ent o f  f o l i a g e  s p o ts  fo llo w in g  sp ray  in o c u la t io n .
8 .2  M orphology o f  C. m ich ig an en se  C e l ls
A d i l u t e  su sp e n s io n  o f  C.  m ic h ig a n e n se , s t r a i n  G2, was p rep a red  in  
SDW. A sm a ll drop  o f  t h i s  su sp e n s io n  was a llow ed  to  d ry  on a  p ie c e  
o f  c o v e r s l ip  a t ta c h e d  to  an alum inium  s tu b .  The d r ie d  b a c te r ia  
were vacuum c o a te d  w ith  g o ld  p a lla d iu m  and exam ined w ith  th e  SEM.
The o b s e rv a tio n s  a r e  d is c u s s e d  in  C hap ter 3 .2  d e a l in g  w ith  th e  
m orphology o f  £ .  m ich iganense  c e l l s .
8 .3  Anatomy o f  I n f e c te d  V a sc u la r  T issu e
Tomato p l a n t s ,  v a r i e ty  G re n a d ie r ,  a t  th e  6-7  t r u e  l e a f  s ta g e  were 
stem  in o c u la te d  w ith  £ .  m ic h ig a n e n se , s t r a i n  G3. When th e  p la n ts  had 
developed  s e v e re  d is e a s e  symptoms, segm ents o f  stem  were tak en  and 
th e  v a s c u la r  t i s s u e s  i s o l a t e d  by rem oving th e  su rro u n d in g  t i s s u e s
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w ith  a  sh a rp  s c a lp e l .  H and-cut lo n g i tu d in a l  s e c t io n s  were mounted 
on alum inium  s tu b s  w ith  c o n d u c tiv e  s i l v e r  p a in t  and vacuum c o a te d  
w ith  g o ld  p a lla d iu m  w ith o u t c r i t i c a l  p o in t  d ry in g  (Cooper and Wood, 
1974). H ea lth y  c o n t ro l  p la n ts  w ere t r e a t e d  s im i la r l y .  These 
o b s e rv a tio n s  co n ce rn in g  u l t r a s t r u c t u r e  o f  in f e c te d  xylem a re  
d e s c r ib e d  in  C h ap te r 3 .1  d e a l in g  w ith  d is e a s e  symptoms.
8 .4  E xam ination  o f  W ilted  L e a f le t s
T h is  s tu d y  was u n d e rta k en  to  exam ine th e  p o s s ib le  e g re s s  o f  
C,  m ich iganense  from in f e c te d  w i l te d  l e a f l e t s .
D isc s  o f  d is e a s e  w il te d  tom ato  l e a f l e t s  were tak en  w ith  a  0 .7  cm 
d ia m e te r  co rk  b o re r  and f ix e d  in  sm a ll v i a l s  f o r  18 h o u rs  w ith  3% 
g lu ta ra ld e h y d e  in  0 .15  M c a c o d y la te  b u f f e r ,  pH 7 .2  a t  4 °  C. The 
sam ples w ere washed th r e e  tim es  (10 m in u tes  each  tim e) w ith  b u f fe r  
and th e n  d eh y d ra ted  f o r  10 m in u tes  in  each  o f  30, 50 , 70, 8 0 , 90 
and 95% a c e to n e . F in a l ly ,  th e  sam ple was washed tw ic e  (30 m inu tes 
each  p e r io d )  in  100% a c e to n e .
The d is c s  w ere mounted on s tu b s  w ith  c o n d u c tiv e  p a in t  and c r i t i c a l  
p o in t  d r ie d  u s in g  l i q u id  carbon  d io x id e .  The specim ens were vacuum 
coated , w ith  g o ld  p a llad iu m  and exam ined a t  15 Kv. S im ila r  sam ples 
from  c o n t r o l  p la n t s  were t r e a te d  in  th e  same way. A ttem pts w ith  
u n co a ted  sam ples proved u n s u c c e s s fu l  because  th e  t i s s u e s  v e ry  q u ic k ly  
c o l la p s e d .
No e g re s s  o f  £ .  m ich iganense c e l l s  th ro u g h  s to m ata  o r by any o th e r  
ro u te  c o u ld  be d e te c te d ,  th e re  b e in g  no n o t ic e a b le  d i f f e r e n c e  between 
in f e c te d  l e a f  c e l l s  and c o n t ro l s  ( P la te  3 5 ) . T h is  s u g g e s ts  t h a t  
£ .  m ich iganense  i s  co n fin e d  to  th e  xylem  o r t o  i n t e r c e l l u l a r  sp a c e s . 
They p ro b ab ly  do n o t m u lt ip ly  to  such  a  d eg ree  a s  to  e g re s s  th ro u g h  
s to m a ta  a s  i s  r e p o r te d  to  happen w ith  Xanthomonas sp p . (N elson and 
D ickey , 1970).
W iltin g  i s  n o t due to  b a c t e r i a l  number b u t due p ro b ab ly  to  to x in s  
o r xylem  d e s t r u c t ip n .  R ai and S t r o b e l  (1969a, b) r e p o r te d  t h a t
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w i l t in g  o f  l e a f l e t s  was due to  e x t r a c e l l u l a r  to x in s .
I t  seem s t h a t  w i l te d  l e a f l e t s  do n o t p ro v id e  means o f  d is se m in a tio n  
o f  £ .  m ich ig an e n se  so  long  a s  th e y  a re  n o t  damaged t o  expose 
in f e c te d  t i s s u e s .
8 .5  D evelopm ent o f  F o lia g e  S p o ts  
M a te r ia l  and M ethods
T h is  s tu d y  was u n d e rta k e n  in  o rd e r  to  f in d  o u t how th e  b a c t e r i a l  
inocu lum  i s  d i s t r i b u t e d  on th e  l e a f  and to  fo llo w  th e  developm ent o f  
l e a f  s p o t s .
A s u sp e n s io n  o f  £ .  m ic h ig a n e n se , s t r a i n  G3, a t  a  c o n c e n tra t io n  o f 
1-3 X 10^ CFU/ml was p rep a red  and th e  f i r s t  in c o m p le te ly  expanded 
l e a f  o f  each  o f  th r e e  tom ato p l a n t s ,  v a r i e ty  G re n a d ie r , a t  th e  7-8 
t r u e  l e a f  s ta g e  were in o c u la te d  by sp ra y in g  u s in g  a  p a in t  p i s t o l  
a t  a  d i s ta n c e  o f  30 cm u n t i l  th e  le a v e s  were th o ro u g h ly  w e t. At 
t h a t  d i s ta n c e  some damage to  l e a f  tr ich o m es co u ld  be ex p ec ted  b u t 
i t  was n o t  v i s i b l e  to  th e  naked e y e . The p la n ts  were p laced  
im m ed ia te ly  i n t o  th e  h u m id ity  c a g e . L eaf d i s c s  w ere tak en  w ith  a 
c o rk  b o re r  from  le a v e s  b e fo re  in o c u la t io n  ( c o n t r o l s )  and a t  0 , 1, 2 , 
3 , 4 , 5 ,  6 ,  10 and 20 days a f t e r  sp ra y  in o c u la t io n .  The d is c s  were 
f ix e d  and p re p a re d  f o r  ex am in a tio n  in  th e  SEM a s  p re v io u s ly  
d e s c r ib e d .
F iv e  d i f f e r e n t  ty p e s  o f  h a i r s  ( tr ich o m es) w ere found on tom ato  
l e a v e s .  T hese were (1) s h o r t  g la n d u la r  ty p e s  t h a t  a re  v e ry  f r a g i l e ;  
(2) s h o r t  n o n - s e p ta te  h a i r s ;  (3 and 4) in te r m e d ia te - le n g th  s e p ta te  
ty p e s  w ith  one o r  4-5  bu lbous b a s a l  c e l l s ;  (5) lo n g  m u l t ic e l lu l a r  
h a i r s  w ith  many con sp icu o u s b u lbous c e l l s  (P la te  3 6 ) .
A s im i la r  a r r a y  o f  tr ich o m es  h as  been d e s c r ib e d  by Layne (1967).
See a l s o  Hayward (1948) and K o n tax is  (1962).
The e p id e rm a l c e l l s  were m o stly  undamaged by th e  p re p a ra t io n  p ro c e s s  
and c o u ld  w ith s ta n d  th e  e le c t r o n  beam fo r  more th a n  15 m inu tes 
( P la te  35A ). H a ir s ,  u s u a l ly  th e  g la n d u la r  o n e s , were broken b u t i t
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seems re a s o n a b le  to  s u g g e s t t h a t  most were broken in  th e  p r e p a r a t io n  
o f  th e  sp ec im en s . O c c a s io n a lly  some c ra c k s  and th e  c o l la p s e  o f  
some e p id e rm a l c e l l s  was n o t ic e d .  Some b a c te r ia  w ere found in  
h e a l th y  le a v e s  in  th e  d e p re s s io n  m arking th e  p o s i t io n  o f  a n t i c l i n a l  
w a lls  o f  th e  e p id e rm a l c e l l s ,  around h a i r s  and in s id e  b roken h a i r s  
(P la te  3 5 ) .  T hese w ere n o t £ .  m ich iganense c e l l s  b ecause  o f  t h e i r  
d i f f e r e n t  s i z e  and shape and th e y  were i n t e r p r e te d  a s  s a p ro p h y te s .
A fte r  s p ra y in g ,  many b a c t e r i a  were found n e a r  th e  base  o f  tr ic h o m e s  
and on th e  a n t i c l i n a l  w a ll  p o s i t io n s  o f  ep id e rm al c e l l s  ( P la te  3 7 ) .  
For 3-4  d ays no d e t e c ta b le  changes co u ld  be n o t ic e d  in  th e s e  
b a c t e r i a l  p o p u la t io n s  o r  in  th e  appea ran ce  o f  c e l l s .  A f te r  fo u r  
d a y s , s p o ts  w ere j u s t  v i s i b l e  to  th e  naked e y e , and w ith  th e  SEM 
break s and dam age, p a r t i c u l a r l y  a t  th e  base o f  la rg e  h a i r s  on bo th  
th e  low er and u p p er e p id e rm is  (P la te  38) co u ld  be seen  c l e a r l y .  
B a c te r ia  ap p e a r  to  have m u l t ip l ie d  in  th e  d e p re s s io n s  betw een c e l l s ,  
on th e  h a i r s ,  a round  th e  base  o f  h a i r s ,  under broken h a i r s  and on 
exposed p a l i s a d e  t i s s u e . Damaged c e l l s  and d e g ra d a tio n  o f  th e s e  
cou ld  be seen  a s  shown in  P la te s  38 , 39 and 40 o f  4 , 5 and 6 day 
o ld  s p o ts .
As th e  s p o ts  became o ld e r  th e  t i s s u e  around  th e  s p o ts  w hich r a r e l y  
exceeded 0 .5  cm in  d ia m e te r ,  s t a r t e d  te a r in g  ex p o sin g  m asses o f  
b a c t e r i a .  D i s to r t i o n  and d i s in t e g r a t i o n  o f  th e  a f f e c te d  t i s s u e  
r e s u l t e d  in  e n la rg e m e n t o f  th e  s p o ts  ( P la te s  41 to  46 o f  10 and 
20 day o ld  s p o t s ) .  In  some c a s e s  (P la te  3 3 0  th e  c u t i c l e  n e a r  th e  
s p o ts  seemed to  have d i s in t e g r a te d  due to  b a c t e r i a .  T h is  may be 
an a r t i f a c t  a s  Doyle (1976) m en tions b u t d i s in t e g r a t i o n  may be 
h e lp ed  by b a c t e r i a  m e ta b o l i te s .
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P la te  35 : Unsprayed h e a lth y  l e a f l e t s
A : Lower e p id e rm is  x 976
B : Lower e p id e rm is  w ith  sap ro p h y te s
X  6,176
C : Broken h a ir  in  upper e p id e rm is  w ith
sap ro p h y te s
X 6,160
Sa = sap ro p h y te s  
S t  = stoma
AW* = a n t i c l i n a l  w a ll  p o s i t io n
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P la te  36 : Tomato trichom es
S h o rt g la n d u la r  triehom e ( h a i r )  = a 
S h o rt n o n -se p ta te  h a i r  = b 
In te rm e d ia te - le n g th  s e p ta te  h a ir  w ith  
one bulbous b a s a l  c e l l  = c 
In te rm e d ia te -  le n g th  h a i r  w ith  fo u r  
bulbous b a s a l  c e l l s  (BC) = d 
G landu la r c e l l  (GO) x 12.75
Long m u l t ic e l lu la r  h a i r  w ith  many
consp icuous bu lbous b a s a l  c e l l s  x 12.5 
Bulbous c e l l  (BC)
19«.
&
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P la te  37 : L e a f le ts  a t  0 and 1 day a f t e r  sp ray in g
A : 0 day . Upper e p id e rm is . B a c te r ia  a t  th e
base o f  a long  h a i r .  x 6,176
B : 1 day. Upper e p id e rm is . B a c te r ia  in  th e
p o s i t io n  o f a n t i c l i n a l  w a lls  (AW) 
X 4,148
C : 1 day . Lower e p id e rm is . B a c te r ia  in  the
p o s i t io n  o f a n t i c l i n a l  w a lls  
X 2 ,717
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P la te  38 : Four day o ld  sp o ts  on upper ep id e rm is
A : Sm all s p o t a t  broken sm all h a i r  (BH)
B a c te r ia  a t  th e  base o f th e  h a i r  and on 
p a l is a d e  c e l l  (P)
X 4 ,272
B : Spo t a t  th e  base o f  a h a ir  (H)
B a c te r ia  (B) on th e  bulbous c e l l s  t h a t  have 
s t a r t e d  to  c o lla p s e  and d i s in t e g r a te  
X  972
C : C lose up o f p ic tu r e  38B.
M asses o f  b a c te r ia  a t  th e  base o f th e  h a ir  
X  4 ,090
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P la te  39 : Four day o ld  sp o ts  on th e  low er ep id e rm is
A : Tear a t  th e  base o f a sm a ll h a i r  (H) w ith
b a c te r i a .  Spongy c e l l s  a re  n o t seen 
X 4 ,272
B : Spot a t  c o lla p s e d  h a ir  (H) which i s  surrounded
w ith  b a c te r ia  (B ). The su rro u n d in g  t i s s u e  
i s  d i s to r te d  
X 2 ,000
C : B a c te r ia l  m asses (BM) under a broken long
h a ir  
X 2 ,000
197
Ê
197b
P la te  40 : F iv e  and s ix  days o ld  s p o ts
A : F iv e  day o ld  s p o t on upper e p id e rm is .
B eginning o f  a  sp o t a t  th e  base o f sm all 
c o lla p s e d  h a i r .  B a c te r ia  on th e  h a i r ,  
on th e  bulbous h a i r  and in  d e p re s s io n s  
between ep ide rm al c e l l s .  The base o f  
th e  h a i r  i s  s t a r t i n g  to  d i s in te g r a te  
X 1,985
B : F iv e  day o ld  sp o t on upper e p id e rm is .
B a c te r ia  a re  seen a round  th e  h a i r ,  on 
th e  bulbous c e l l  and on th e  h a i r  (H)
X  1,411
C : S ix  day o ld  sp o t on th e  low er ep iderm is,
B a c te r ia  (B) a t  th e  base  o f  a h a i r ,
p o s s ib ly  u t i l i s i n g  d e g e n e ra tin g  t i s s u e  
X  2,009
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P la te  41 : Ten-day o ld  s p o ts
Lower e p id e rm is . B a c te r ia  have m u lt ip l ie d  
in  damaged e p id e rm is .
Upper e p id e rm is . The bulbous c e l l s  have 
broken ( d is in te g r a te d )  and p rov ide  an 
e n tra n c e  f o r  b a c te r i a  in to  th e  l e a f .
Even th e  b a s a l  c e l l  o f  th e  h a ir  (H) shows 
d i s in t e g r a t i o n  by b a c te r i a .
X 4 ,107
Upper e p id e rm is . B a c te r ia  may be u t i l i s i n g  
d i s i n t e g r a t i n g  c e l l s
X 2,824
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P la te  42: Twenty day o ld  sp o ts
The c e l l s  around th re e  s p o ts  have c o lla p s e d  
and a re  d i s to r te d  
X 63
C lose up o f  marked sp o t (a rro w ). B a c te r ia l  
m asses on th e  p a lis a d e  c e l l s  and 
d i s in t e g r a t i o n  o f bulbous c e l l s  
X  2,631
Broken ep id e rm is  in  th e  a re a  o f a sp o t 
r e l e a s in g  b a c te r ia  
X  2,631
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P la te  43 : Twenty day o ld  sp o ts
Broken ep id e rm is  and c o lla p s e d  ep id e rm al c e l l s  
a t  th e  a re a  o f  a sp o t
X 6,238
C lose up o f A above. C o llap sed  and
d i s in t e g r a t i n g  ep iderm al c e l l .  B a c te r ia  
can be seen on exposed p a lis a d e  c e l l  (arrow )
X 2 , 7 7 2
D is in te g r a t in g  c u t i c l e .  B a c te r ia  a re  
p re s e n t  in  la rg e  numbers 
X 6 ,339
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P l a t e  44 : Twenty day old  sp o ts
Spot a t  th e  base o f  a long h a i r .  Bulbous 
c e l l  and ep iderm al c e l l s  c o l la p s e d  and 
d i s t o r t e d .  Compare w ith  h e a l th y  
ep ide rm al  c e l l s  around th e  s p o t .  The 
long h a i r  i s  ready  to  b reak  
X 215
Close up o f  p a r t  o f  A (see  a r ro w ) .  B a c te r ia  
appear  t o  have m u l t ip l i e d  in  th e  c o l la p s e d  
c e l l  
X 275
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P la te  45 : Twenty day o ld  s p o ts
Spot around long  and in te rm e d ia te  h a i r
X 7
Close up o f  s p o t  in  p i c tu r e  A (see  a rro w ) .  
B a c te r ia  on p a l i s a d e  c e l l s .  Some b a c t e r i a  
in  th e  i n t e r c e l l u l a r  space 
X 4 ,553
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P la te  46 : Twenty day o ld  s p o ts
Spot a s s o c i a t e d  w ith  an in te rm e d ia te  len g th  
h a i r  which i s  broken a t  the  base 
X 484
Close up o f  p i c t u r e  A (arrow ). B a c te r ia  on 
th e  d i s i n t e g r a t i n g  w a ll  o f  bulbous c e l l .  
B a c t e r i a  can be seen on the  p a l i s a d e  c e l l s  
X 4 ,790
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8.6 Discussion
The b a c t e r i a  p ro b ab ly  m u lt ip ly  w here th e  c o n d i t io n s  a re  most 
fa v o u ra b le ;  f o r  exam ple, in  b roken  o r c o l la p s e d  h a i r s ,  around th e  
h a i r s  and on th e  s u r fa c e  in  d e p re s s io n s  between ep id e rm al c e l l s .
In  th e s e  p la c e s  o r n ic h e s  more n u t r i e n t s  may be a v a i la b le  and th e  
b a c t e r i a l  su sp e n s io n  i s  p r o te c te d  from  r a p id  d ry in g  so  t h a t  th e  
b a c t e r i a  have tim e to  m u lt ip ly  and cau se  in f e c t io n .  Leben (1965) 
r e p o r te d  t h a t  b a c t e r i a  and y e a s ts  were found f r e q u e n t ly  in  th e  
above ty p e s  o f  n ic h e s .  B ran ts  (1971) r e p o r te d  t h a t  ec todesm ata  
(m inute open in g s  th ro u g h  th e  e p id e rm is )  o ccu r ab u n d an tly  a t  th e  base 
o f  h a i r s  and betw een ep id e rm al c e l l s .  G odfrey (1976) and Tukey 
(1971) rev iew ed  works ab o u t th e  le a c h in g  o f  n u t r i e n t s  o n to  p la n t  
s u r f a c e s ,  i t s  dependence and  i t s  r e l a t i o n  to  p la n t  s u r fa c e  m icro ­
o rg an ism s. From th e  above w orks and th e  SEM s tu d ie s  d e sc r ib e d  
h e re  i t  seems t h a t  h a i r s ,  d e p re s s io n s  betw een e p id e rm a l c e l l s  and 
in ju r e d  ep id e rm a l c e l l s  w ith  t h e i r  ex u d a tio n  a re  p la c e s  fa v o u rin g  
r e t e n t io n  o f  m o is tu re  and a re  th e r e f o r e  s i t e s  where b a c t e r i a  may 
m u l t ip ly  and inv ad e  th e  p la n t  t i s s u e s .
S ch n e id e r and Grogan (T977b) c o n s id e re d  t h a t  90% o f  tom ato  tr ich o m es 
were n o n - l iv in g  and 17% o f th e s e  dead tr ich o m es  were in h a b ite d  by 
b a c t e r i a  a f t e r  sp ra y in g  w ith  P . tom ato  and in c u b a tin g  in  w a te r on 
a  m ic ro sco p ic  s l i d e  f o r  24 h o u rs . The bu lbous b a s e s ,  e s p e c i a l l y  
o f  th e  lo n g  h a i r s ,  seemed more s u s c e p t ib le  to  i n f e c t i o n , p o s s ib ly  
because th e y  have th in  o r d is c o n tin u o u s  c u t i c l e s .  K rause and 
W eidensaul (1977) n o tic e d  t h a t  bu lb o u s trichom e c e l l s  were 
p a r t i c u l a r l y  s u s c e p t ib le  to  in ju r y  by ozone in  ozon ized  p l a n t s .
. ' - c  ■ .
Thus i t  seems t h a t  b a c t e r ia  e i t h e r  g e t  i n t o  th e  in ju r e d  tr ich o m es 
o r m u l t ip ly  th e r e  and th e n  p e n e t r a te  betw een th e  bu lbous c e l l s .
P la te  43B c a n .be in t e r p r e te d  a s  showing breakdown o f  h a i r s ,  - 
p a r t i c u l a r l y  a t  t h e i r  b a s e s . T h is  assum ption  a g re e s  w ith  t h a t  o f  
Bryan (1930) and K on tax is  (1969) who n o t ic e d  C . m ich iganense  
b a c t e r i a l  m asses a t  th e  base o f  tr ic h o m e s  and between bu lbous c e l l s .  
P la t e s  38B and 4 IB su p p o rt th e  id e a  t h a t  b a c t e r ia  p e n e t r a te  th e  
c u t i c l e  o f  th e  bu lbous c e l l s ,  m u l t ip ly  u nder them , o r on p a l is a d e  
c e l l s ,  when th e  upper e p id e rm is  i s  in v a d e d . . : , y.
.r-f
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T h is  s tu d y  h as  shown t h a t  in f e c t io n  ta k e s  p la c e  on b o th  s id e s  o f  
th e  l e a f  s u r f a c e  and in v a s io n  u s u a l ly  r e s u l t s  in  damage to  ep id e rm al 
c e l l s .  W hen.the upper e p id e rm is  i s  damaged th e  p a l is a d e  c e l l s ,  
w hich become d e tach ed  from  th e  e p id e rm a l c e l l s ,  a r e  a l s o  damaged, 
and by w hich means r a i s e d  w h ite  s p o ts  a re  p ro d u ced . T h is  was 
con firm ed  by T ran sm iss io n  E le c tro n  M icroscope s tu d ie s  (P la te s  14B, C ). 
Patino-M endez (1964) m entioned  t h a t  b a c t e r i a l  s p o ts  were r a i s e d  due 
to  a i f u n d e r  th e  e p id e rm is .
On th e  low er s u r fa c e  th e  damage i s  o n ly  to  th e  e p id e rm a l c e l l s  and 
th e  b a c t e r i a  do n o t  u s u a l ly  f in d  enough s u b s t r a t e  in  which to  
m u l t ip ly  so  t h a t  damage i s  n o t  e a s i l y  s e e n . Most a u th o rs  do n o t 
d e s c r ib e  s p o ts  on th e  low er s u r f a c e s  o f  le a v e s ,  p o s s ib ly  because o f  
th e  d i f f i c u l t y  o f  s e e in g  symptoms due to  th e  c o lo u r  o f  th e  low er 
e p id e rm is .  The la r g e  i n t e r c e l l u l a r  sp aces  o f  th e  spongy m esophyll 
do n o t  p ro v id e  th e  s u b s t r a te  f o r  b a c t e r i a l  m u l t i p l i c a t i o n .  The 
sequence o f  th e  developm ent o f  th e  s p o ts  a g re e s  w ith  th e  p ic tu r e s  
o f  Layne (1 9 6 7 ).
When th e  s p o t s ,  w hich a re  u s u a l ly  l e s s  th a n  0 .5  cm in  d ia m e te r ,  
w ere s c ra tc h e d  w ith  a  n e e d le  u n d er a  s te r e o s c o p ic  m icroscope u s in g  
s u r fa c e  i l lu m in a t io n ,  th e  dead e p id e rm a l c e l l s  c o u ld  be e a s i l y  
d e ta c h e d  from  th e  h e a l th y  t i s s u e  on b o th  l e a f  s u r f a c e s .
T rich o m es , p a r t i c u l a r l y  th o se  a s s o c ia te d  w ith  o ld e r  l e a f  s p o ts ,  
a r e  co v e re d  w ith  many b a c t e r i a .  I f  th e s e  in f e c te d  h a i r s  a re  broken 
o r  d is tu r b e d  by s c r a tc h in g , m a sse s .o f  b a c t e r i a  can  e a s i l y  be 
d is s e m in a te d . T h is  would c e r t a i n l y  e x p la in  b a c t e r i a l  sp read  
th ro u g h  p l a n t  c o n t a c t . W ater coming in t o  c o n ta c t  w ith  such  p la n ts  
would a l s o  be co n tam in a ted  w ith  b a c t e r i a  and t h i s  co u ld \w e11 r e s u l t  
in  d is e a s e  d i s p e r s a l .
The im p o rtan ce  o f  f o l i a r  tr ich o m es  f o r  i n f e c t i o n ’h as  been d is c u s se d  
(C h ap te r 2 .5 .4 )  b u t t h i s  s tu d y  g iv e s  more .in fo rm a tio n  o f  th e  - 
p o s s ib le  r o l e  o f  tr ic h o m e s  i n  f o l i a r  i n f e c t i o n .  ^
^  'V
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CHAPTER 9
THE DEVELOPMENT OF C. MICHIGANENSE AND OTHER SELECTED 
BACTERIA AND INTERACTIONS BETWEEN THEM IN TOMATO LEAVES
9.1 I n t r o d u c t io n
The b eh av io u r o f  b a c t e r i a  in  p la n t  t i s s u e  has been th e  s u b je c t  o f  
a number o f  q u a n t i t a t i v e  s tu d ie s .  Pathogens in  s u s c e p t ib le  h o s ts  
(homologous r e l a t i o n s )  have c o n s i s t e n t ly  been shown t o  m u l t ip ly  
from low in o c u la  t o  h ig h  f i n a l  p o p u la tio n s  b e fo re  symptoms 
ap p ea red . H e te ro lo g o u s  p a th o g en s , t h a t  i s  b a c te r ia  in  r e s i s t a n t  
v a r i e t i e s  o r  in  s p e c ie s  o f  p la n ts  in  which th ey  a re  n o t  p a th o g e n ic  
in  n a tu r e ,  a l s o  m u l t ip ly  b u t to  low er f i n a l  p o p u la tio n s  (A llin g to n  
and C ham berla in , 1949; D iachun and Troutm an, 1954; E lem ent and 
L ovrekov ich , 1962; E lem ent e t  a l . ,  1964; E rc o la n i .a n d  C ro sse ,
1966; Burkow icz and Goodman, 1969; E lem ent, 1972; Young, 1974a; 
Hsu and D ick ey , 1979a). I t  i s  c la im ed  by Elem ent (1964)
t h a t  th e  r a t e  o f  m u l t ip l i c a t io n  o f  pathogen  in  th e  lo g a r i th m ic  phase 
o f  p o p u la tio n  g row th  in  homologous and h e te ro lo g o u s  r e l a t i o n s h ip s  
i s  th e  same. The r e s u l t s  g iv en  by S t a l l  and Cook (1966) i n d i c a t e  
a s im i la r  e f f e c t .  However, E rc o la n i  and CrosSe (1966) r e p o r te d  
t h a t  th e  m u l t i p l i c a t i o n  o f  h e te ro lo g o u s  pathogens in  v iv o  was 
slow er th a n  i t  was in  th e  r e s p e c t iv e  homologous co m b in a tio n . In  
a l l  th e  r e p o r t s , th e  h e te ro lo g o u s  developm ent from low 
c o n c e n tr a t io n s  o f  in o c u la  was r e s t r i c t e d  to  s u b c l in ic a l  l e v e l s  and 
in d u c tio n  o f  n e c r o s i s  in  p la n t  t i s s u e  by b a c t e r ia  o c c u rre d  o n ly  i f  
th e  b a c t e r i a  w ere in o c u la te d  in  h ig h  c o n c e n tr a t io n s ,  o r th e y  
m u l t ip l ie d  n a t u r a l l y  to  h ig h  p o p u la tio n s .
A few s tu d ie s  o f  th e  developm ent o f  n o n -p a th o g en ic  b a c t e r i a  in  p la n t  
t i s s u e  have been made. E lem ent and L ovrekovich (1961) t e s t i n g  . .
P. a e ru g in o sa  in  bean p ods. E lem en t, F ark as  and L ovrekovich  (1964)
P. f lu o re s c e n s  in  to b a cco  le a v e s  and Young and Paton  (1972) _ ,
P . f lu o re s c e n s  in  bean le a v e s , found t h a t  th e se  organ ism s rem ained  
s t a t i c  o r d e c l in e d  s l i g h l y  in  num bers.
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P la n ts  show two ty p e s  o f  induced  r e s i s ta n c e  a g a in s t  pa thogen ic  
b a c t e r i a .  They a re  d e fen ce  r e a c t io n s  t h a t  s t a r t  a s  a r e s u l t  o f 
in f e c t io n .  The f i r s t  i s  th e  h y p e r s e n s i t iv e  r e a c t io n  (HR) (Elem ent 
e t  , 1964). The second ty p e  i s  a c q u ire d  r e s i s t a n c e  which was 
term ed " p rem un ity"  by E lem ent and Goodman (1967) and was d e sc r ib e d  
fo r  h e a t - k i l l e d  b a c t e r ia  by L ovrekovich  and F a rk as  (1965). They 
in tro d u c e d  h e a t - k i l l e d  c e l l s  o f  JP. ta b a c i  in to  th e  i n t e r c e l l u l a r  
sp aces  o f  to b a cco  le a v e s  an d , one day l a t e r ,  th e  le a v e s  were 
in o c u la te d  w ith  l i v in g  c e l l s  o f  Pseudomonas. In  le a v e s  which had 
been p r e t r e a te d  w ith  a  su sp e n s io n  o f  k i l l e d  o r sa p ro p h y tic  b a c t e r i a ,  
no w i ld f i r e  symptoms o c c u rre d  and b a c t e r i a l  m u l t ip l ic a t io n  was 
s t ro n g ly  i n h i b i t e d .
Simmonds (1947) was th e  f i r s t  to  su g g e s t t h a t  th e  e p ip h y tic  f l o r a  
may p la y  an im p o rta n t p a r t  in  d is e a s e  r e s i s t a n c e .  Simmonds used  
b a c te r ia  i s o l a t e d  from w heat culm s in  an in v e s t ig a t io n  o f  th e  w heat 
s e e d lin g  d is e a s e  i n c i t e d  by H elm inthosporium  sa tiv u m . When th e  
" n a tu r a l  b a c t e r i a l  f l o r a "  o f  seed  was removed and th e  seed  was 
t r e a te d  w ith  b a c t e r ia  i s o l a t e d  from  s e e d s , cu lm s, or. s tu b b le ,  d is e a s e  
was re d u c e d . He b e l ie v e d  t h a t  a d e f in i t e  b a c t e r i a l  f l o r a  oh th e  
p la n t  and se e d , was i n h i b i to r y  to  H. sa tiv u m  and th a t  th e se  b a c t e r i a  
were r e s p o n s ib le  f o r  d is e a s e  c o n t r o l .  S ince  th e n , s e v e ra l  a u th o rs  
have r e p o r te d  p r o te c t io n  o f  p la n ts  from s u s c e p t ib le  o r HR pathogens 
by p r i o r ,  o r  som etim es s im u lta n e o u s , tre a tm e n t o f  th e  h o s ts  w ith  
s a p ro p h y te s  o r  h e a t - k i l l e d ,  o r  h e te ro lo g o u s , pathogen  c e l l s  ( T e l iz -  
O r t iz  and B u rk h o ld e r , 1960; A verre and Eelman, 1964; Leben, 1964; 
Goodman, 1965, 1967; Omer and Wood, 1966; S t a l l  and Cook, 1968; 
Blakeman, 1972; D ow ler, 1972; R athm ell and S e q u e ira , 1975;
Ride ^  , 1978; Verma e t  a l .  , 1978).
The s u r f a c e  o f  a e r i a l  sh o o ts  o f  g reen  p la n ts  su p p o rt a  b a c t e r i a l  
f l o r a  made up p red o m in an tly  o f  a  few c h a r a c t e r i s t i c  g e n e ra , u s u a l ly  
Gram n e g a t iv e  o rg an ism s. D uring th e  co u rse  o f  th e se  s tu d i e s , ^ Ig t i t  
d i f f e r e n t  s p e c ie s  were f r e q u e n t ly  i s o la te d  from tom ato le a v e s .  I t  
was n o t ic e d  t h a t  some o f  th e s e  s p e c ie s  in h a b ite d  th e  le a v e s  in  h ig h  
numbers and in h ib i te d  th e  pathogen  C. m ichiganense o r a t  l e a s t  th e  
grow th o f  th e  p a th o g en . T h is  u s u a l ly  happened a t  h igh  te m p e ra tu re s
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and a f t e r  th e  p la n ts  had been k e p t in  m o is t c o n d i t io n s .  S m aller 
£ .  m ich iganense  p o p u la t io n s  were found from  p la n ts  t h a t  had many 
sa p ro p h y te s  compared to  o th e r  p la n ts  (se e  C hap ter 4 .7 ) .
B ecause ex p e rim en ts  on grow th o f  d i f f e r e n t  b a c t e r i a  in  v iv o  p ro v id ed  
in fo rm a tio n  on f a c t o r s  d e te rm in in g  h o s t  s p e c i f i c i t y  in  th é  f i e l d  
and because th e  phenomenon o f "p rem un ity"  h as  a g r e a t  p o t e n t i a l  f o r  
re d u c in g  th e  o ccu rren c e  o f  d is e a s e s ,  e x p e rim en ts  were c a r r i e d  o u t 
on th e  developm ent o f  £ .  m ich iganense  p o p u la tio n s  and o th e r  
p a th o g en ic  and s a p ro p h y tic  b a c t e r i a l  p o p u la t io n s  in  tom ato le a v e s  
a s  w e ll a s  i n t e r a c t io n  between them .
9 .2  M a te r ia ls  and Methods
T echniques fo r  grow ing tom ato  p l a n t s ,  c v . G re n a d ie r , and f o r  th e  
p re p a ra t io n  o f  b a c t e r i a l  su sp e n s io n s  a t  d i f f e r e n t  c o n c e n tra t io n s  
have been d e s c r ib e d  e a r l i e r  (C h ap te r 2 ) .
9 .2 .1  . I n h ib i t io n  o f  C. m ich iganense  in  v i t r o
The a n ta g o n is t i c  e f f e c t  o f  some com ponents o f  th e  m ic ro f lo ra  i s o la te d  
from  tom ato  le a v e s  were t e s t e d  in  v i t r o  a g a in s t  a l l  th e  a v a i la b le  
s t r a i n s  o f  £ .  m ich iganense  by th e  a g a r  doub le  la y e r  method (Ride 
a t  , 1978) . The com ponents o f  th e  l e a f  m ic ro f lo ra  were i d e n t i f i e d  
by th e  Commonwealth M yco log ica l I n s t i t u t e  (GMI). The sa p ro p h y tic  
i s o l a t e s  t e s t e d  were Pseudomonas a e ru g in o sa  s t r a i n  B 8503,
B re v ib a c te riu m  s p ,  s t r a i n  8504, F ia v o b a c te riu m  s p . s t r a i n  8505, 
C orynebacterium  s p . s t r a i n  8506, B a c i l lu s  sp . s t r a i n  8507,
Pseudomonas sp . s t r a i n  9508, Pseudomonas s p . s t r a i n  8509 and 
S tap h y lo co ccu s  s p .  s t r a i n  8510. Each s t r a i n  o f  sap ro p h y te  was 
s tre a k e d  in t o  th e  c e n t r e  o f  g la s s  p e t r i  d is h e s  poured w ith  Y.P.G .A.
( Appendix 1 ) . A f te r  in c u b a tio n  f o r  24 to  48 h o u rs , grow th was 
s to p p ed  by ch lo ro fo rm  v ap o u rs . A second la y e r  c o n s is t in g  o f  Y .P.G . 
s o f t  a g a r  (6 g /1 )  c o n ta in in g  10 CFU/ml o f  C. m ich iganense  was 
poured o n to  th e  f i r s t  l a y e r .
n I,-
. .J
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9 .2 .2 .  I n t e r a c t i o n  o f  C. m ich iganense  and S ap ro p h y tic
P . a e ru g in o sa  in  v iv o  a f t e r  Spray o r S ystem ic  ( p e t i o l e ) 
I n o c u la t io n
Tomato p l a n t s  were in o c u la te d  w i th : -
1. The pathogen  a lo n e .
2 . A m ix tu re  o f  sap ro p h y te  and pa thogen .
3 . P athogen  -  th e  p la n ts  h av ing  been p re v io u s ly  c h a lle n g e d  w ith
th e  sap ro p h y te .
4 . S ap ro p h y te  -  th e  p la n ts  h av ing  been p re v io u s ly  c h a lle n g e d
w ith  th e  pa th o g en .
For s p ra y  in o c u la t io n ,  th e  l e a f l e t s  o f  "o ld "  tom ato  p la n ts  were 
sp ray ed  from  a  d is ta n c e  o f  10 cm (w ith o u t carborundum ) and th e  
d is e a s e  was r a t e d  te n  days l a t e r  a s  d e sc r ib e d  in  th e  experim en t 
o f  C h ap te r 2 .5 .4 .  The ex p erim en t was c a r r i e d  o u t th r e e  tim es  and 
th e  c o n c e n tr a t io n s  o f  th e  in o c u la  were a s  f o l lo w s : -
E xperim en t A
£ .  m ich iganense  G4 1 .7  x 10^ CFU/ml 
£ .  a e ru g in o sa  B 8503 2 .1 -2 .6  x 10^ CFU/ml 
R a t io  sap ro p h y te  to  pathogen  100:1
B
£ .  m ich ig an en se G 4 ©.85 x .10^ CFU/ml
P. a e ru g in o sa  B 8503 1 .9 -3 .9  x 10^ CFU/ml
R a tio  sap ro p h y te  to  pathogen  10:1
E xperim en t (]
£ .  m ich iganense  G4 3 .2  x 10^ CFU/ml
F . a e ru g in o sa  B 8503 2 .1 -3 .2  x 10^ CFU/ml
R a tio  sap ro p h y te  to  pathogen  10:1
The £ .  m ich ig an en se  in o c u la  o f  ex p erim en ts  B and C were more ' 
c o n c e n tra te d  so  a s  to  in c re a s e  th e  d is e a s e  r a t i n g . A f te r  in c u la t io n
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th e  p la n ts  were random ised  in  th e  p l a s t i c  cage (RH >  90%).
For sy stem ic  ( p e t i o l e )  in o c u la t io n  a  m o d if ic a tio n  o f th e  E rc o la n i  
(1970a) method was u se d . From tom ato  p la n ts  a t  th e  5-7  t r u e  l e a f  
s ta g e  th e  p e t i o l e s  o f  th e  second t r u e  l e a f  was c u t  a t  c a .  0 .5  cm 
from th e  s tem . Im m ed ia te ly  ab o u t 0.01 ml o f  a p p ro p r ia te  b a c t e r i a l  
su sp en sio n  was in tro d u c e d  w ith  a hypoderm ic n eed le  in to  th e  stum p.
The p la n ts  were in o c u la te d  w ith  th e  same fo u r  com binations a s  
l i s t e d  p r e v io u s ly .  The ex p e rim en t was c a r r i e d  o u t tw ice  each  tim e 
in  p a r a l l e l  t o  e x p e rim e n ts  B and C, u s in g  th e  same in o c u la ,  a lth o u g h  
th e  c o n c e n tra t io n  o f  th e  pathogen  was low er ( r a t i o  sap ro p h y te  to  
pathogen 1 0 0 :1 ) . A f te r  in o c u la t io n ,  th e  p la n ts  were random ised  on 
th e  benches o f  th e  g la s s h o u s e .  R e s u lts  were tak en  a f t e r  fo u r  weeks 
and th e  d is e a s e  r a t i n g  was t h a t  u sed  in  th e  experim en t d e s c r ib e d  
in  C hapter 2 .2 .2 .  The r e s u l t s  f o r  bo th  k in d s  o f experim en t (T ab le  18) 
were a n a ly se d  s t a t i s t i c a l l y  and th e  means were compared u s in g  
K eu l’s t e s t .  The d a ta  a r e  g iv e n  in  Appendix 9.
9 .2 .3  D evelopm ent o f  Homolpgpus C, m ich ig an en se , H e te ro lo g o u s and 
S a p ro p h y tic  B a c te r ia  in  Tomato Leaves
Of th e  la rg e  number o f  in o c u la t io n  m ethods r e p o r te d ,  on ly  fo u r  seemed 
l i k e ly  t o  be s a t i s f a c t o r y  f o r  th e  q u a n t i ta t iv e  in o c u la t io n  o f  b a c t e r i a
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in to  l e a f  t i s s u e s .  These were : n e e d le  in j e c t i o n  i n f i l t r a t i o n
(K lem ent, 1963), s p ra y  i n f i l t r a t i o n  (E rc o la n i and C ro sse , 1966), 
vacuum i n f i l t r a t i o n  (Young, 1974a) and i n f i l t r a t i o n  w ith  an i n j e c t i o n  
d ev ice  used  by Hagborg (1 9 7 0 ). A lthough Klement and Goodman (1967a) 
re p o r te d  t h a t  n e e d le  i n f i l t r a t i o n  p ro v id ed  a  g e n e ra l in o c u la t io n  
te c h n iq u e , i t  p roved  v e ry  d i f f i c u l t  to  i n f i l t r a t e  th rough  th e  sm a ll 
v e in s  in  th e  lam ina o f  tom ato  le a v e s .  I t  cou ld  n o t be u s e d , n e i th e r  
cou ld  th e  sp ra y  and th é  vacuum i n f i l t r a t i o n  methods because th e  
n e c e ssa ry  means w ere n o t  a v a i l a b l e .  The Hagborg method proved 
s a t i s f a c t o r y .  The a p p a ra tu s  c o n s i s t s  o f  a  p a i r  o f  tongne-^p^izing  
fo rc e p s  f i t t e d  w ith  two s o f t  ru b b e r  s to p p e r s ,  th rough  one o f  w hich 
p asse s  th e  n e e d le  o f  a  p l a s t i c  hypoderm ic sy r in g e  used to  i n j e c t  
le a v e s  w ith  b a c t e r i a l  s u sp e n s io n s . The m ost e a s i l y  in j e c te d  le a v e s  
were th e  c o ty le d o n s  and th e s e  w ere used  in  p re lim in a ry  e x p e rim en ts
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b u t th e y  g iv e  on ly  a sm a ll a r e a  to  work w ith  and produce r a p id
symptoms (C hap ter 7 ) .  L a te r ,  le a v e s  o f  tom ato p la n ts  a t  th e  8 -9
tr u e  l e a f  s ta g e  were u se d . The f i r s t  fo u r  t r u e  le a v e s  were 
in j e c te d  s in c e  th e  o th e r  le a v e s  were found to  have many v e in s  on 
th e  u n d e rs u r fa c e  t h a t  p re v e n t e f f i c i e n t  a tta ch m en t o f  th e  ru b b e r 
o f  th e  i n j e c t i v e  a p p a ra tu s  and a l s o  i n h i b i t  th e  l a t e r a l  sp read  o f  
th e  inoculum . W ith two t o  fo u r  i n j e c t i o n s  th e  whole lam ina o f  
th e  l e a f l e t s  co u ld  be i n f i l t r a t e d .  The p la n ts  were w e ll w atered
and k e p t o v e rn ig h t in  h ig h  h u m id ity  and th e  in o c u la t io n s  were
c a r r i e d  o u t a t  midday when th e  s to m a ta  were most l i k e l y  to  be open. 
The i n f i l t r a t i o n  was done from  th e  low er su rfa c e  because th e re  a r e . 
more s to m a ta  th ro u g h  w hich p e n e t r a t io n  and i n f i l t r a t i o n  can ta k e  
p la c e .  The a d d i t io n  o f  Tween 80 t h a t  would f a c i l i t a t e  th e  
i n f i l t r a t i o n ,  was avo ided  a s  th e  e f f e c t  o f  t h i s  a g e n t upon th e  h o s t -  
pathogen i n t e r a c t io n  c o u ld  n o t  be a s c e r ta in e d .  The low er b a c t e r i a l  
c o n c e n tra t io n s  were i n f i l t r a t e d  f i r s t  because th e y  a re  more e a s i l y  
d ec re ase d  in  v ia b le  c e l l s  by tim e (C hap ter 4 .8 ) .
A f te r  th e  i n f i l t r a t i o n ,  th e  le a v e s  were washed because th e y  were wet 
w ith  inoculum  and th e  s u rv iv in g  s u r f a c e  inoculum  co u ld  in f lu e n c e  
th e  b a c t e r i a - h o s t  i n t e r a c t i o n .  F u rth e rm o re , sa p ro p h y te s  on th e  
s u r fa c e  m ight i n h i b i t  th e  c o u n tin g  o f  b a c te r ia  on p la t in g .  The 
le a v e s  w ere a llo w ed  t o  d ry  f o r  60-120 m inu tes b e fo re  th e  f i r s t  
t i s s u e  sam ples were ta k e n . The p la n ts  rem ained on th e  benches o f  
th e  g la ssh o u se  f o r  th e  w hole p e r io d  o f  th e  ex p e rim en t. For each  
t r e a tm e n t , fo u r  tom ato  p la n t s  w ere u se d , and from  each  p la n t  two 
l e a f l e t s  were e x c is e d . The le a v e s  were f i r s t  washed w ith  ta p  
w a te r , th e n  soaked in  0.2% m e rc u ric  c h lo r id e  fo r  30 seco n d s , and 
r in s e d  th o ro u g h ly  w ith  SDW. Two r e p l i c a t e s  o f  16-20 d is c s  (1 .0  cm 
and o c c a s io n a l ly  0 .6  cm in  d ia m e te r)  were e x c ise d  a s e p t i c a l l y ,  u s in g  
a s t e r i l e  c o r k -b o re r ,  a v o id in g  la rg e  r i b s  and damaged a r e a s .  The 
d is c s  were homogenized and p la te d  on NA, NAG, K in g 's  medium B o r . 
Se4 p la te s  a s  d e s c r ib e d  in  C h ap te r 2 .3 .  The r e s u l t s  u s u a l ly  ^  _ 
d i f f e r e d  o n ly  s l i g h t l y  and w ere com bined. Samples were tak en  on 
day 0 , and th e n  ev e ry  one o r two days u n t i l  th e  end o f  th e  . ■ 
ex p erim en t (4 -8  d a y s ) .
■k : 0
K =
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The e f f i c i e n c y  o f  in o c u la t io n  and e x t r a c t io n  o f  b a c t e r i a l  c e l l s  from
p la n t  t i s s u e  was t e s t e d .  B a c t e r ia l  su sp e n sio n s  o f  C. m ichiganense
9 7 Bs t r a i n  G4 a t  c o n c e n tra t io n s  o f  2 .3  x 10 , 2 .3  x 10 and 2 .3  x 10
and a su sp e n s io n  o f  £ .  p h a s e o l ic o la  a t  a  c o n c e n tr a t io n  o f
7
1 .7  X 10 CFU/ml, were p re p a re d  and i n f i l t r a t e d  i n t o  tom ato le a v e s .
Two s e t s  o f  sam ples were ta k e n . One sam ple o f  le a v e s  in o c u la te d  w ith  
each  c o n c e n tr a t io n  was used  t o  o b ta in  an e s t im a te  o f  b a c t e r i a l  numbers 
by th e  method a lre a d y  d e s c r ib e d .  The o th e r  sam ple o f  two r e p l i c a t e s  
o f  te n  d i s c s  (0 .6  cm in  d ia m e te r)  were e x c ise d  a v o id in g  a s  f a r  a s  
p o s s ib le  w e t.S u rfa c e s  and la rg e  v e in s ,  and th en  w eighed. A nother 
sam ple o f  n o n - i n f i l t r a t e d  le a v e s  was ta k en  a s  above and w eighed.
The d i f f e r e n c e  between th e  i n f i l t r a t e d  and n o n - i n f i l t r a t e d  sam ples 
gave th e  volume o f  i n f i l t r a t e d  inoculum . The p re l im in a ry  b a c t e r i a l  
co u n t gave an e s t im a te  o f  th e  numbers w hich were a v a i la b le  fo r  
i n f i l t r a t i o n  and th e  f i n a l  co u n t in d ic a te d  th e  numbers o f  b a c te r ia  
w hich had been i n f i l t r a t e d  and w hich were su b se q u e n tly  e x t r a c te d .
R e s u lts  a r e  summarised in  T ab les  19 and 20 . The r e s u l t s  o f t h i s  
t e s t  a s  w e ll  a s  th o se  from  a l l  th e  e x p e rim e n ts , showed.good 
e x t r a c t i o n  e f f ic ie n c y  b e in g  51-80% f o r  C. m ich iganense  and 20-40% 
fo r  £ .  p h a s e o l i c o la . The s m a lle r  e x t r a c t io n  e f f i c i e n c y  o f th e  
l a t t e r  was p o s s ib ly  due to  poor s u r v iv a l  o f  th e  b ac te riu m  in  SDW.
(C hap ter 2 . 3 .3 ) .  A lso , th e  r e s u l t s  showed s te a d y  re c o v e ry  o f  
b a c t e r i a  betw een each  c o n c e n tr a t io n  in  agreem ent w ith  th e  o b se rv a tio n s  
o f  E rc o la n i  and C rosse (1966 ).
The developm ent o f th e  homologous C . m ich iganense  s t r a i n  G4, th e  
s a p ro p h y te s  £ .  a e ru g in o sa  and F lav o b a c te riu m  s p p . , and th e  
h e te ro lo g o u s  £ .  s y r in g a e , P . p h a s e o l i c o la , £ .  f a s c i a n s , ](. c a m p e s tr is  
and £ .  ch ry san th e m i a f t e r  i n f i l t r a t i o n  in  tom ato  le a v e s  was s tu d ie d  
a t  d i f f e r e n t  c o n c e n tr a t io n s .  In  low c o n c e n tr a t io n  th e  b a c t e r i a l  
p o p u la tio n  was d e te c te d  when i t  reac h ed  a  d e n s i ty  p f  a t . l e a s t  
10 C FU /p lan t u n i t ,  a p la n t  u n i t  b e in g  a . l e a f  d is c  1 .0  cm in  
d ia m e te r . .  The c o u n tin g  was c a r r i e d  o u t on NA.and NAG p l a t e s . The 
r e s u l t s  shown in  F ig s .  10, 11, 1 2 .and 13 a re  ex p re sse d  g ra p h ic a l ly  
a s  th e  lo g a r i th m  p f  th e  number o f  b a c t e r ia  p e r  p la n t  u n i t  a g a i n s t . i
tim e in  d a y s . . .. - .. - =_  ^ . r* :
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9 .2 .4  I n t e r a c t i o n  o f Homologous C. m ich iganense and S ap ro p h y tic  
B a c te r ia
In  i n t e r a c t i o n  s tu d i e s ,  b a c t e r i a  were c o - in o c u la te d  o r in o c u la te d  
one day w ith  one b ac te riu m  and th e n  in o c u la te d  24 h o u rs  l a t e r  w ith  
th e  o th e r .  The b o rd e rs  o f  e v e ry  i n f i l t r a t i o n  were marked w ith  
n o n - to x ic  in k .
£ .  a e ru g in o sa  and Fla v o b a c te riu m  s p . were used  a s  s a p ro p h y te s .
Both were i s o l a t e d  from tom ato  le a v e s  and on ly  £ .  a e ru g in o sa  showed 
in h i b i t i o n  o f  C. m ich iganense  in  v i t r o  (see  t h i s  c h a p te r ) .  The 
in t e r a c t io n  was s tu d ie d  when to m a to  le a v e s  were e i t h e r  c o - in o c u la te d  
w ith  th e  two b a c t e r i a  o r le a v e s  were i n f i l t r a t e d  w ith  th e  sap ro p h y te  
one day and in o c u la te d  th e  n e x t w ith  th e  p a th o g en . The in t e r a c t io n  
o f  £ .  a e ru g in o sa  and C. m ich iganense  was s tu d ie d  f i r s t .  The r a t i o s  
o f s a p ro p h y te  to  pathogen  were 1 :1 , 10:1 and 100 :1 . L a t e r , th e  
in t e r a c t io n  o f  sap ro p h y te  Fla v o b a c te riu m  and £ ,  m ich iganense  was 
s tu d ie d  a t  r a t i o  100 :1 . P la t in g  was done e i t h e r  on NA o r  on s e le c t iv e  
Se4 p l a t e s  when £ .  m ich iganense  grow th was in h i b i t e d ,  e i t h e r  due to  
la rg e r  num bers o f  sa p ro p h y te s  o r  due to  a n ta g o n is t i c  e f f e c t s  o f  th e  
sap ro p h y te  in  v i t r o . When th e  c o u n tin g  o f  CFU was done on Se4 th e  
a c tu a l  number o f  £ .  m ich iganense c e l l s  was la r g e r  b ecause  th e  re c o v e ry  
e f f i c i e n c y  m igh t have been v e ry  sm a ll (C hapter 2 .6 ) ,  and when on 
bo th  NA and Se4 p l a t e s ,  th e  number on NA was ta k en  because i t  was 
n e a re r  th e  t r u e  num ber. As c o n t r o l s  fo r  t h i s  e x p e r im e n t, a s  in  a l l  
th e  o th e r s ,  p la n t s  were in o c u la te d  w ith  o n ly  one b a c te r iu m . R e s u lts  
a re  e x p re s se d  g r a p h ic a l ly  a s  p r e v io u s ly .  See F ig s .  14 t o  21 .
9 .2 .5  I n t e r a c t i o n  Between Homologous C. m ich iganense  and 
H e te ro lo g o u s  B a c te r ia
The e f f e c t  on b a c t e r i a l  p o p u la tio n s  Of c h a l le n g in g  tom ato  le a v e s  
w ith  h e te ro lo g o u s  F . p h a s e o l ic o la  p r io r  to  in o c u la t io n  w ith  th e  
homologous £ .  m ich iganense and v ic e  v e rs a  was s tu d i e d . The ' 
c h a lle n g e d  b a c te r iu m  was i n f i l t r a t e d  24 h ou rs e a r l i e r  and was one 
o r d e r . o f  m agnitude b ig g e r . The p la t in g  was done on NA p la t e s  and 
th e  d i f f e r e n t  b a c t e r i a l  s p e c ie s  w ere e a s i l y  d is c e rn e d  in  mixed c u l tu r e s  
on th e  b a s i s  o f  co lony  c o lo u r .  R e s u lts  a re  shown in  F ig s .  22 and 23 .
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9 .2 .6  I n te r a c t io n  Between H ete ro lo g o u s and S ap ro p h y tic  B a c te r ia
The h e te ro lo g o u s  p a th o g en s Xanthomonas c a m p e s tr is  and E rw in ia  
ch ry san th em i were in o c u la te d  in  tom ato le a v e s  ch a lle n g e d  p re v io u s ly  
w ith  th e  sap ro p h y te  £ .  a e ru g in o s a . The r a t i o  o f  sap ro p h y te  to  
pathogen  was e i t h e r  100:1 o r  1 0 :1 . The p la t in g  was on NA o r K in g 's  
medium B. The d i f f e r e n t  k in d s  o f  c o lo n ie s  co u ld  be e a s i l y  d is c e rn e d  
in  mixed c u l tu r e s  by th e  shape and th e  c o lo u r  o f  th e  c o lo n ie s  when 
th e  r a t i o  o f  th e  two b a c t e r i a  was n o t sm a lle r  than  1 :100 . The 
r e s u l t s  a re  re c o rd e d  in  F ig s .  24 to  2 7 . .
9 . 2 .7  I n te r a c t io n  Between A v iru le n t  and V iru le n t  P athogens
The e f f e c t  o f c h a l le n g in g  tom ato  le a v e s  w ith  a v i r u l e n t  C. m ich iganense  
399 p r io r  to  in o c u la t io n  w ith  th e  v i r u l e n t  £ .  m ich iganense  G4 was 
s tu d ie d  a t  r a t i o s  o f  a v i r u l e n t  to  v i r u l e n t  b ac te riu m  o f  100:1 o r  1 0 :1 . 
The c o lo n ie s  on NA p la t e s  o f  a v i r u l e n t  £ .  m ichiganense 399 c o u ld  be 
d is c e rn e d  from  th e  w ild  norm al c o lo n ie s  because th e y  w ere . s m a l l e r , 
convex, b u ty ro u s  and d id  n o t  s p re a d . R e s u lts  a re  shown in .F i g s .  28 
and 2 9 .
9 . 2 .8  E f f e c t  o f  K il le d  C e l ls  on Pathogens
The e f f e c t  o f c h a l le n g in g  tom ato  le a v e s  w ith  k i l l e d  c e l l s  o f  th e  
homologous £ .  m ich iganense  and h e te ro lo g o u s  P . p h a s e o lic o la  p r io r  to  
in o c u la t io n  w ith  th e  homonymous l i v e  c e l l s  ( i . e .  from th e  same 
organism ) 24 hours l a t e r  was s tu d ie d .  The r a t i o  o f  k i l l e d  c e l l s  to  
l i v e  c e l l s  was 100:1 and th e  p la t in g  was done on NA. R e s u lts  a re  
shown in  F ig .  30 .
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P la te  47.
I n h ib i t i o n  zones of C.  michiganense caused by 
_P. ae rug inosa  (a ,  b) and B a c i l lu s  sp .  ( c ,  d ) .
1217
(For c o n v e n ie n c e , F ig s .  10-32 a re  p la ced  a t  th e  end
9 .3  R e s u lts  -  (o f  t h i s  C h ap te r)
9 .3 .1  I n h ib i t io n  o f  C. m ich iganense  in  v i t r o
The most a c t iv e  b a c te riu m  p ro d u c in g  l y s i s  o f £ .  m ich iganense  lawns 
was £ .  a e ru g in o sa  w hich gave l y t i c  zones up to  2 cm in  d ia m e te r .
Less a c t iv e  was B a c i l lu s  sp . 8507. No in h ib i te d  zones were d e te c te d  
w ith  th e  o th e r  i s o l a t e s .  The r e s u l t s  a re  shown in  P la te  47A and D.
In  a second method 0.1  ml o f  £ .  m ich iganense su sp en sio n  a t  
10^ CFU/ml was p la te d  and th e n  a f t e r  1-2 h o u rs , when th e  p la t e s  had 
d r ie d ,  th e y  were s tr e a k e d  w ith  sap ro p h y te  a s  d e sc r ib e d  p re v io u s ly .  
These r e s u l t s  a r e  shown in  P la te  47B and C.
9 .3 .2  I n te r a c t i o n  o f  C. m ich ig an en se  and sa p ro p h y tic  P. a e ru g in o sa  
in  v iv o  a f t e r  sp ra y  o r sy s tem ic  in o c u la t io n
The r e s u l t s  (T ab le  18) show t h a t  in  th e  f i r s t  sp ray  in o c u la t io n  
e x p e rim e n ts , when th e  r a t i o  o f  sa p ro p h y te  to  pathogen was 100 :1 , 
th e  le a v e s  c h a lle n g e d  24 h o u rs  e a r l i e r  w ith  th e  sap ro p h y te  had. 
d is e a s e  r a t i n g s  51% l e s s  th a n  th e  c o n t r o l  which had r e l a t i v e l y  sm a ll 
d is e a s e  r a t i n g s  o f  2 .1 6  o u t o f  5 . For t h i s  re a s o n , in  th e  n e x t 
ex p e rim e n ts , th e  inoculum  o f  th e  pathogen  was in c re a s e d  to
o
2 .8  X  10 CFU/ml so  t h a t  th e  r a t i o  sap ro p h y te  to  pathogen  became 
10 :1 . T h is  gave h ig h e r  d is e a s e  r a t i n g s  (2 .98  and 3 .13 ) b u t th e  
in h ib i to r y  e f f e c t  was s m a l le r ,  32% and 38% f o r  exp erim en ts  B and C 
r e s p e c t iv e ly .  When pathogen  and sa p ro p h y te  were c o - in o c u la te d  
th e  i n h i b i to r y  e f f e c t  o f  th e  sa p ro p h y te  was s m a l le r , a s  were th e  
d is e a s e  r a t i n g s , 10%, 9.4% and 21% f o r  exp erim en ts  A, B and C 
r e s p e c t iv e ly .  When th e  tom ato  le a v e s  were in o c u la te d  w ith  th e  
pathogen p r io r  to  c h a l le n g e  w ith  th e  sap ro p h y te  no in h ib i to r y  e f f e c t  
was n o t ic e d .  In  a l l  th e  sp ra y  ex p e rim en ts  no tre a tm e n t was 
s i g n i f i c a n t l y  d i f f e r e n t  from  th e  c o n t r o l s .  . .
In  th e  sy stem ic  ( p e t io le )  in o c u la t io n s  th e  d is e a s e  r a t i n g  in  
tr e a tm e n ts  where le a v e s  were c h a lle n g e d  w ith  sap ro p h y te  p r io r  to  
in o c u la t io n  w ith  th e  p a th o g e n , and in  le a v e s  c o - in o c u la te d  w ith  
pathogen and s a p ro p h y te , was s i g n i f i c a n t l y  d i f f e r e n t  from th e
Table 18 .
E f f e c t  o f d is e a s e  r a t i n g s  a f t e r  p r e in o c u la t io n ,  
c o - in o c u la t io n  and p o s t in o c u la t io n  w ith  th e  
sap ro p h y te  £ .  a e ru g in o sa  (S) in  tom ato  p la n ts  
sp ray ed  o r s y s te m ic a lly  in o c u la te d  w ith  th e  
homologous pathogen  C. m ich iganense  (P)
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Method 
o f  I n o c u la t io n
In o c u la te d  w ith
P P + S^ (P + s ) 3
2S + P^
1
Spray in o c u la t io n  
E xperim ent A 
E xperim en t B 
E xperim en t C
2 .16a^
2 . 98a
3 .1 3 a
2 .0 0 a
2 .9 5 a
3 .1 5 a
1 .96a
2 .7 0 a
2 .4 8 a
1.06a
2 .0 3 a
1.95a
System ic  in o c u la tio n ^  
E xperim ent A 
E xperim en t B
4 .6 6 a
4 .5 0 a
4 .3 3 ab  
4 .50a
3 . 66bc 
3 .3 3 b
2.83c 
2 .66c
1 : D isea se  r a t i n g  f o r  sp ra y  in o c u la t io n  0-10
D ise a se  r a t i n g  f o r  sy stem ic  in o c u la t io n  0-5
2 : The second m entioned b ac te riu m  was in o c u la te d  24 h p u rs  a f t e r
th e  f i r s t  m entioned b ac te riu m
3: P a re n th e s is  means t h a t  th e  p la n t  was in o c u la te d  w ith  a
m ix tu re  o f  bo th  b a c te r ia
4 : Means h o t  hav ing  th e  same l e t t e r  a r e  s i g n i f i c a n t l y  d i f f e r e n t
a t  P = 0.01
Table 19.
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D e te rm in a tio n  o f i n f i l t r a t e d  volume
*
Sample
W eight (mg) 
i n f i l t r a t e d  
t i s s u e  (mg)
W eight (mg) 
d ry  t i s s u e
T h e o re t ic a l  volume 
i n f i l t r a t e d  (p i)
1 98 55 43
2 108 64 44
3 106 65 41
4 118 76 42
5 124 80 44
6 106 60 46
7 130 72 58
8 112 65 47
9 107 60 47
10 112 65 46
X =112 -  9 .5 6 6 .2  -  7 .68 4 5 .8  -  4 .75
X -  SD X = 1 1 .2 ^ 0 .9 5 6 .6 2  -  0 ,768 4 .5 8  -  0 .475
* Each t r e a tm e n t  com prised  te n  l e a f  d is c s  0 .6  cm in  d ia m e te r
V: -  I .
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c o n t r o l s .  In  th e  second ex p erim en t p r io r  tre a tm e n t w ith  sa p ro p h y te s  
showed s i g n i f i c a n t l y  b e t t e r  p r o te c t io n  th a n  c o - in o c u la t io n .  When 
le a v e s  were f i r s t  in o c u la te d  w ith  th e  pathogen  and c h a lle n g e d  th e  
n e x t day w ith  th e  sap ro p h y te  no i n h i b i t o r y  e f f e c t  was n o t ic e d .
9 .3 .3  D evelopm ent o f  Homologous C. m ich ig an en se , H etero logous and 
S a p ro p h y tic  B a c te r ia  in  Tomato Leaves
The form  o f  th e  g rap h  from c o u n ts  o f  C. m ich iganense  c e l l s  (F ig . 10)
was th e  same f o r  a l l  inoculum  c o n c e n t r a t io n s .  T y p ica l symptoms,
where le a v e s  s t a r t  to  w h iten  and l a t e r  w i th e r ,  appeared  a f t e r  two
to  th r e e  days f o r  th e  more c o n c e n tra te d  inoculum , t h a t  i s  when th e
7b a c t e r i a l  p o p u la tio n  reach ed  a  c o n c e n tr a t io n  o f  10 C FU /plant u n i t .  
The maximum p o p u la tio n  was 3 x 10^ C F U /p lan t u n i t .  No ty p i c a l
symptoms were n o tic e d  from th e  lo w e s t c o n c e n tra t io n  where th e
5
p o p u la tio n  reac h ed  7 x 10 C FU /plan t u n i t .  The i n f i l t r a t e d  1< 
tu rn e d  a y e llo w ish  c o lo u r  a f t e r  f iv e  t o  s ix  d a y s .
No grow th o f  th e  sap ro p h y te  F la v o b a c te riu m  sp . and £ .  a e ru g in o sa  
was observed  (F ig . 1 1 ). The p o p u la t io n s  f o r  bo th  th e  c o n c e n tra t io n s  
d e c lin e d  s l i g h t l y  and s t e a d i ly  d u r in g  th e  d u ra tio n  o f  th e  e x p e rim en t. 
The i n f i l t r a t e d  le a v e s  d id  n o t show any symptoms.
The h e te ro lo g o u s  Pseudomonas, P . p h a s e o l ic o la  and £ .  s y r in g a e  (F ig . 12) 
showed a  d e c re a se  analogous to  th e  b eh av io u r o f  sa p ro p h y te s . Leaves 
i n f i l t r a t e d  w ith  P . s y r in g a e  showed HR symptoms. In  one day le a v e s  
tu rn e d  b la c k  and d r i e d . T h is  cau sed  th e  b a c t e r i a l  p o p u la tio n  to  
d e c re a se  d r a m a t ic a l ly .  Leaves i n f i l t r a t e d  w ith ' h ig h  numbers o f 
P . p h a s e o l ic o la  showed a  l i g h t  y e llo w in g  c o lo u r  a f t e r  th re e  to  fo u r
The h e te ro lo g o u s  C orynebacterium  f a s c i a n s , (F ig . 13) in  bo th
A
c o n c e n tra t io n s  1 .2  x 10 and 1,3. x 10 C FU /plant u n i t  s tay ed  c o n s ta n t  
o r d e c re a se d  s l i g h t l y . .  No symptoms were observed  ex ce p t a l i g h t  
y e llo w in g  a f t e r  th r e e  t o  fo u r  days, s im i la r  to  t h a t  w ith  
P . p h a s e o l i c o la . ■ . j-j
LJT
The p o p u la tio n  o f  h e te ro lo g o u s  Xanthomonas c a m p e s tr is  (F ig . 13) 
in c re a se d  one o rd e r  o f  m agnitude o n ly  when th e  i n i t i a l  co u n t was
2 .9  X 10 C FU /plant u n i t ,  b u t no symptoms were o b serv ed . When th e  
b ac te riu m  was i n f i l t r a t e d  in  h ig h  numbers th e  le a v e s  tu rn ed  b la ck  
and d r ie d  a f t e r  te n  h o u rs  and th e  p o p u la tio n  d ec reased  a s  w ith  
£ .  s y r in g a e .
The p o p u la tio n  o f  E rw in ia  ch ry sa n th e m i (F ig . 13) in c re a se d  f iv e  fo ld  
on ly  in  low c o n c e n tr a t io n .  In  h ig h  c o n c e n tr a t io n  th e  p o p u la tio n  
rem ained s t a t i c  o r  d e c re a se d  s l i g h t l y .  No symptoms were o b se rv ed .
9 .3 .4 .  I n t e r a c t i o n  Between Homologous C. m ichiganense and S ap ro p h y tic  
B a c te r ia
When £ .  m ich iganense was c o - in o c u la te d  w ith  th e  sap ro p h y te  
jP. a e ru g in o sa  a t  a r a t i o  o f  1:100 (F ig . 19) th e  f i n a l  co u n t o f  th e  
pathogen was two o rd e r s  o f  m agnitude l e s s  th a n  th e  c o n t r o l .  When th e  
r a t i o  sap ro p h y te  t o  p a th o g en  was 10:1 o r 1:1 (F ig s . 17 and 15) th e  
grow th o f  th e  pathogen  was u n a f f e c te d .  The p o p u la tio n  o f  th e  
sap ro p h y te  c o - in o c u la te d  w ith  th e  pathogen  was in c re a s e d  and i t  was 7
one to  two o rd e rs  o f  m agnitude g r e a t e r  th a n  th e  c o n t r o l ,  th e  d i f f e r e n c e  
b e in g  b ig g e r  when th e  r a t i o  o f  s a p ro p h y te  to  pathogen was 1 :1 .
When th e  pathogen  was in o c u la te d  in  le a v e s  ch a lle n g e d  p re v io u s ly  w ith  
th e  sap ro p h y te  JP. a e ru g in o sa  th e  f i n a l  co u n t was th e  same a s  th e  
c o n t ro l  when th e  r a t i o  s a p ro p h y te  to  pathogen  was 1:1 (F ig . 14) , and 
d ec re a se d  1 .4  (F ig . 16) and 2 .4  (F ig .  18) o rd e rs  o f  m agnitude when th e  
r a t i o  was 10:1 and 100:1 r e s p e c t iv e l y .  The p o p u la tio n  o f  th e  sap ro p h y te  
was in c re a se d  up to  two o rd e r s  o f  m agnitude a s  p re v io u s ly  when th e  
b a c te r ia  were c o - in o c u la te d .
In  tom ato  le a v e s  c h a lle n g e d  w ith  th e  sap ro p h y te  F lav o b ac te riu m  sp . 
and in o c u la te d  24 h o u rs ' l a t e r  w ith  th e  pathogen  £ .  m ichiganense a t  
r a t i o  sap ro p h y te  t o  pathogen  100:1 (F ig . 2 0 ) ;  th e  f i n a l  p o p u la tio n  
o f  th e  pathogen was low er th a n  in  th e  u n ch a llen g e d  t i s s u e  by 0 .8  
o rd e r o f  m a g n itu d e , and th e  sa p ro p h y te  had been in c re a se d  by th e  
same o rd e r o f  m agnitude com pared w ith  th e  c o n t r o l .
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When th e  two b a c t e r ia  were c o - in o c u la te d  a t  th e  same r a t i o  a s  
p r e v io u s ly ,  no in h i b i t i o n  o f  th e  pathogen  grow th was d e te c te d ,  b u t 
a g a in  th e  sap ro p h y te  was g r e a te r  by 1.3  o rd e r  o f  m agnitude th a n  th e  
c o n t r o l  (F ig . 2 1 ) .
The p o p u la tio n  grow th c u rv e s  o f  c o n t r o l s  C. m ich ig an e n se ,
£ .  a e ru g in o s a , F lav o b ac te riu m  sp . were s im i la r  to  t h a t  found 
p re v io u s ly  when th e y  were s tu d ie d  a lo n e .  The same was n o tic e d  in  a l l  
th e  c o n t r o l s  p ro v in g  th e  r e p r o d u c i b i l i t y  o f  th e  e x p e rim e n ts .
9 .3 .5  I n te r a c t i o n  Between Homologous C. m ich iganense  and 
H ete ro lo g o u s  B a c te r ia
When tom ato  le a v e s  were c h a lle n g e d  w ith  h e te ro lo g o u s  P. p h a s e o l ic o la  
p r io r  to  in o c u la t io n  w ith  C. m ich iganense r a t i o  1 0 :1 , th e  f i n a l  
p o p u la tio n  o f  th e  homologous pathogen  was th e  same a s  th e  c o n t r o l  
(F ig . 2 2 ) .  The p o p u la tio n  o f  £ .  p h a s e o l ic o la  was 21 tim es  g r e a t e r  
th a n  th e  c o n t r o l .  When th e  in o c u la t io n  w ith  th e  £ .  m ich iganense 
p reced ed  th e  in o c u la t io n  w ith  th e  h e te ro lo g o u s  £ .  p h a s e o l ic o la , a t  
r a t i o  homologous to  h e te ro lo g o u s  10:1 (F ig . 2 3 ) ,  th e  f i n a l  co u n t 
o f  th e  p o p u la tio n  o f  th e  homologous b ac te riu m  was th e  same a s  in  
u n c h a lle n g e d  t i s s u e ,  b u t th e  h e te ro lo g o u s  p o p u la tio n  was 12 tim es  
b ig g e r  th a n  th e  c o n t r o l .  No in h i b i t i o n  in  v i t r o  was o b se rv ed .
9 .3 .6  I n te r a c t i o n  Betweeh H e te ro lo g o u s and S a p ro p h y tic  B a c te r ia
When tom ato  le a v e s  were c h a lle n g e d  w ith  th e  sap ro p h y te  P . a e ru g in o sa  
p r io r  to  in o c u la t io n  w ith  th e  h e te ro lo g o u s  £ .  ch ry san th em i a t  r a t i o  
s a p ro p h y te  t o  pathogen  1:1 (F ig . 26) th e  f i n a l  co u n t o f  th e  
h e te ro lo g o u s  w as one o rd e r  o f  m agnitude l e s s  and th e -s a p ro p h y te  
0 .6  o rd e r  o f  m agnitude g r e a te r  th a n  t h e i r  c o n t r o l s .
When th e  r a t i o  sap ro p h y te  to  h e te ro lo g o u s  was 100:1 (F ig . 2?) i t  was 
im p o ss ib le  t o  d e te c t  any c o lo n ie s  o f  E . ch ry san th em i d u rin g  th e  "
' c o u rse  o f  th e  e x p e rim e n t. P ro b ab ly  a  s t ro n g  in h i b i t i o n  had tak en  
p la c e .  The f i n a l  p o p u la tio n  o f  th e  sap ro p h y te  Was unchanged. A 
s t ro n g  in h i b i t i o n  in  v i t rO  Was n o t i c e d .  “ -
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When th e  tom ato  le a v e s  were in o c u la te d  w ith  X. c a m p e s tr is  a f t e r  
c h a lle n g e  in o c u la t io n  w ith  th e  sa p ro p h y te  £ .  a e ru g in o sa  a t  r a t i o  
sap ro p h y te  to  pathogen 100 :1 , no d i f f e r e n c e s  in  f i n a l  p o p u la tio n  
c o u n ts  were observed  from t h e i r  c o n t r o l s  f o r  b o th  th e  b a c te r ia  
(F ig . 2 5 ) . When th e  r a t i o  was 1:1 (F ig . 24) th e  p o p u la tio n  o f  
sap ro p h y te  was th e  same a s  in  u n c h a lle n g e d  le a v e s ,  b u t th e  
p o p u la tio n  o f  th e  pathogen  was th r e e  o rd e rs  o f m agnitude g r e a te r  
th an  th e  c o n t r o l .  No h y p e r s e n s i t iv e  r e a c t io n  had ta k en  p la c é ,  
in s te a d  th e  le a v e s  p re se rv e d  t h e i r  t u r g o r .
9 .3 .7  I n te r a c t io n  Between A v iru le n t  and V iru le n t  B a c te r ia
When th e  a v i r u l e n t  £ .  . m ich iganense  s t r a i n  399 was i n f i l t r a t e d  f i r s t  
and th e  v i r u l e n t  £ .  m ich iganense  s t r a i n  G4 one day l a t e r  a t  th e  
r a t i o  10:1 o r 100 :1 , no d i f f e r e n c e  in  th e  f i n a l  c o u n ts  o f  th e  
a v i r u l e n t  s t r a i n  was d e te c te d  in  c h a lle n g e d  o r in  u n ch a llen g ed  t i s s u e s ,  
b u t th e  p o p u la tio n  o f th e  pa th o g en  was l e s s  0 .9  and 1 .4  o rd e r o f  
m agnitude r e s p e c t iv e ly  from  th e  c o n t r o l s .  No in h ib i t i o n  J u  v i t r o  
was observed  (F ig s . 28 and 2 9 ) .
9 .3 .8  E f f e c t  o f  K il le d  C e l ls  on P a thogens
When JP. p h a s e o l ic o la  and £ .  m ich ig an en se  were in o c u la te d  in  
c h a lle n g e d  tom ato  le a v e s  w ith  homonymous k i l l e d  c e l l s  (F ig . 3 0 ) , 
th e  p o p u la tio n  o f  £ .  m ich iganense  was tw ice  l e s s  th a n  th e  c o n t r o l .  
The p o p u la tio n  Of £ .  p h a s e o l ic o la  was th e  same a s  th e  c o n t r o l s .
9 .4  D isc u ss io n
The r e s u l t s  o f  th e  co m p ara tiv e  g row th  s tu d ie s  o f  £ .  m ichiganense 
in  i t s  h o s t , to m a to , showed > t h a t  th e  pathogen  m u ltip  ly  r a p id ly  to  
h ig h  f i n a l  p o p u la tio n s  and cau se  t y p i c a l  symptoms when th e  _ - .  
p o p u la tio n  re a c h e d  a  c o n c e n tra t io n  o f  ah p u t 10^ C)FU/ml p e r  p la n t  -■ 
u n ité  From th e  form  Of th e  g ra p h s  i t ;  seems t h a t  th e  r a t e  W  grow th 
was th e  same f o r  a l l  th e  d i f f e r e n t  c o n c e n t r a t io n s . ' The f i n a l  ‘ ' -=
p o p u la tio n  from  th e  lo w est c o n c e n tr a t io n  ( 4 . 1 x 1 0  ^ CFU/ml) reach ed  
7 X 10^ CFU/ml and le a v e s  showed j u s t  a  s l i g h t  y e llo w  c o lo u r .  These 
r e s u l t s  a g re e  w ith  th o se  o f  E rc o la n i  and C rosse (1 9 6 6 ), Hsu and
m
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D ickey (1972a) and Young (1974a) fo r  th e  developm ent o f  b a c te r ia  
in  homologous r e l a t i o n s h ip s .
The r e s u l t s  showed th a t  th e  p o p u la tio n s  o f  s a p ro p h y te s  d e c lin e d  
s lo w ly  fo llo w in g  in o c u la t io n  in t o  p la n t  t i s s u e  and s im i la r  r e s u l t s  
were re c o rd e d  th ro u g h o u t th e  c o u rse  o f  t h i s  work. T h is  i s  in  
agreem ent w ith  th e  r e s u l t s  g iv en  by Klement e t  £ l .  (1964) and Young 
(1 9 7 4 a), and t h i s  i s  p ro b ab ly  a  u n iv e r s a l  re sp o n se  o f  n o n -p a th o g en ic  
b a c t e r i a  w hich e n te r  th e  i n t e r c e l l u l a r  env ironm ent o f  a p la n t .
The p o p u la t io n s  o f  h e te ro lo g o u s  pseudomonads rem ained  s t a t i c  o r 
d e c l in e d  s lo w ly  in  th e  same way a s  C. f a s c i a n s . The p o p u la tio n s  o f  
Xanthomonas c a m p e s tr is  and E rw in ia  c h ry sa n th e m i, when th e y  were 
i n f i l t r a t e d  in  h ig h  p o p u la tio n s ,  d id  n o t  in c re a s e  and on ly  in c re a s e d  
n in e  and th r e e  tim es  r e s p e c t iv e ly  when th e y  w ere in tro d u c e d  in  low 
c o n c e n tr a t io n s .  The h e te ro lo g o u s  £ .  s y r in g a e  and £ .  ch rysan them i 
caused  a ty p e  o f  HR. Leaves tu rn e d  b la c k  and d r ie d .  No in c re a s e  
o f  p o p u la tio n s  was d e te c te d ,  a t  l e a s t  n o t  a t  th e  tim es  o f  sam plings 
o r th e  s e n s i t i v i t y  o f  th e  p l a t i n g .  I t  seems t h a t  th e  i n i t i a l
fip o p u la tio n  o f  1.5 x 10 CFU/ml was enough to  cau se  r a p id  n e c r o s is .  
The o th e r  h e te ro lo g o u s  b a c te r ia  caused  o n ly  a  s l i g h t  y e llo w in g  when 
in tro d u c e d  in  h ig h  p o p u la tio n s .
The r e s u l t s  w ith  h e te ro lo g o u s  b a c t e r ia  do n o t  a g re e  w ith  th e  
m a jo r i ty  o f  r e p o r t s .  U su a lly , pseudomonads in  h e te ro lo g o u s  
r e l a t i o n s h ip s  m u l t ip ly ,  b u t a t  low er r a te s ,  and to  low er f i n a l  
p o p u la tio n  compared to  homologous ones (Klement and L ovrekovich , 
1961, 1962; Klement e t  a l . ,  1964; E rc o la n i .â h d  C ro s se , 1966;
Young, 1974a). A lthough s im i la r  r e s u l t s  t o  th o s e  r e p o r te d  h e re  
have been o b served  by Lozano and S e q u e ira  (1970a) who re p o r te d  
c o l la p s e  o f  to b acco  c e l l s  w ith o u t m u l t ip l ic a t io n  o f  JP. so lanacearum  
and by Hsu and D ickey (1972a) f o r  p h à s e o l i  in  tom ato le a v e s ,  th e  
r e s u l t s  showed t h a t  n o t  a l l  th e  in c o m p a tib le  b a c t e r i a l  p la n t  
p a th o g e n s •behave in  th e  same way in  th e  p la n t  t i s s u e . H etero lo g o u s 
b a c t e r i a  can  e i t h e r  m u lt ip ly  fo r  a  s h o r t  p e r io d  and cause  
h y p e r s e n s i t iv e  r e a c t io n  o r f a i l  to  m u l t ip ly  c a u s in g  or n o t  c a u s in g
: r  L'-.i -,
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HR. N e v e r th e le s s ,  in d u c tio n  o f  HR, w hich can be d i f f e r e n t  in  
d i f f e r e n t  h o s t-p a th o g e n  co m b in a tio n s , seems to  be r e l a t e d  to  th e  
number o f  p a th o g en s  in  s i t u . The h y p e r s e n s i t iv e  r e a c t io n  i s  
induced  when th e  c o n c e n tr a t io n  o f  th e  h e te ro lo g o u s  b a c t e r i a  i s  
more th a n  1 x 10^ CFU/ml.
These r e s u l t s  s u g g e s t t h a t  a c o n s t r a i n t  o p e ra te s  on th e  h e te ro lo g o u s  
and s a p ro p h y tic  b a c t e r i a  from th e  tim e o f  in o c u la t io n  which may be 
due to  th e  a c t io n  o f  p reform ed i n h i b i t o r s  (K lem ent, 1972) o r may be 
th e  r e s u l t  o f  th e  r a p id  p r o l i f e r a t i o n  o f  i n h i b i t o r s  induced  a t  th e  
lo c i  o f  in f e c t io n  (Omer and Wood, 1966). On th e  o th e r  hand , 
homologous b a c t e r i a  m u l t ip ly  r a p id ly  a t  f i r s t ,  b u t a f t e r  some days 
th e  p o p u la tio n  s ta y s  s t a t i c  and s t a r t s  to  d e c l in e .  P a th o g en ic  
b a c t e r ia  in  s u s c e p t ib le  h o s ts  do n o t  m u l t ip ly  c o n t in u o u s ly . T h is  
means t h a t  som eth ing  r e s t r i c t s  th e  grow th o f  th e  homologous 
pa thogen . Young (1974a) su g g es ted  th a t  b a c t e r ia  rem ain  c o n f in e d  to  
th e  c e n t r a l  n e c r o t i c  zone because  o f  n u t r i e n t  a v a i l a b i l i t y  r e g u la te s  
grow th in  a way s im i la r  to  t h a t  seen  in  v i t r o  and  th e  developm ent 
and d i f f u s io n  o f  b a c t e r i a l  a n tim e ta b o lite s .,.  Browning and n e c r o s is  
seen  a t  th e  c e n t r e  o f  th e  le s io n s  in v o lv e s  th e  c o n v e rs io n  o f  p la n t  
p h y co sid es  t o  f r e e  p h en o ls  and q u in o n e s , w hich may be an im p o rta n t 
f a c to r  c a u s in g  b a c t e r i o s t a s i s  in  th e  le s io n  (F arkas and K ir a ly ,  1962).
As th e  s tu d ie s ,  w ith  th e  EM re v e a le d  (C hap ter 8) p a th o g en ic  and 
n o n -p a th o g e n ic  b a c t e r i a  cause  d i f f e r e n t  e f f e c t s  on h o s t  c e l l  
membranes. .P a th o g e n s  can  cause  leak ag e  o f  n u t r i e n t s  by d e s tro y in g  
th e  c e l l  mem branes, u t i l i s i n g  th e  n u t r i e n t s  and m u l t ip ly in g ,  
w hereas the . s a p ro p h y te s  le a v e  th e  c e l l  membranes i n t a c t ;  th u s ,  
n o t b e in g  a b le  t o  in d u c e  leak ag e  o f  n u t r i e n t s ,  th e y  do n o t  m u l t ip ly .
On th e  o th e r  h an d , h o s ts  i n t e r a c t  r e l a t i v e l y  u n ifo rm ly  a g a in s t  
in v a d in g  b a c t e r i a .  S a p ro p h y te s , h e te ro lo g o u s  and homologous 
b a c t e r ia  a r e  f i n a l l y  im m obilised  by su b s ta n c e s  o r ig in a t in g  from  
th e  c e l l  w a l l .  I t  h a s  been su g g es ted  (C hap ter 7) t h a t  t h i s  
im m o b ilis a tio n  i s  an a c t iv e  way o f  h o s t  r e a c t io n  a g a in s t  in v a d in g  
b a c t e r ia  and t h a t  th e  t im e  needed f o r  im m o b ilis a tio n  f o r  d i f f e r e n t  
b a c t e r ia  d i f f e r e n t i a t e s  s a p ro p h y te s , in c o m p a tib le  and co m p a tib le  ^
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p a th o g en s. T h is  co u ld  e x p la in  th e  two r e l a t e d  problem s d e sc r ib e d  
by Omer and Wood (1966) where th e  a v i r u l e n t  ra c e  2 o f 
£ .  p h a s e o l ic o la  grows so much l e s s  th an  th e  v i r u l e n t  ra c e  1 in  
s u s c e p t ib le  bean le a v e s  because  th e  tim e fo r  e n c lo su re  o f  th e  form er 
i s  s m a lle r  th a n  th e  l a t t e r .  Race 1 i s  a l s o  im m o b ilised , b u t much 
l a t e r ,  so  t h a t  th e  grow th o f  th e  v i r u l e n t  s t r a i n  i s  l im i te d ,  even 
in  th e  s u s c e p t ib le  p la n t .
In  th e  ex p e rim e n ts  on th e  i n t e r a c t i o n  between p a th o g en ic  
£ .  m ich iganense and th e  sa p ro p h y te  £ .  a e ru g in o s a , a f t e r  sp ray  o r 
sy stem ic  ( p e t i o le )  in o c u la t io n  (T ab le 18 ), th e  d is e a s e  r a t i n g s  in  
p la n ts  c h a lle n g e d  w ith  s a p ro p h y te  p r io r  to  in o c u la tio n  w ith  th e  
p a th o g en , was s m a lle r  th an  th e  u n ch a llen g e d  c o n t r o l  p l a n t s .  T h is  
d e c re a se  was s t a t i s t i c a l l y  d i f f e r e n t  on ly  in  th e  experim en t a f t e r  
sy stem ic  in o c u la t io n .  T h is  was p ro b ab ly  due, in  p a r t ,  to  th e  
v a r i a b i l i t y  observ ed  in  th e  r e s u l t s  w ith  sp ra y  in o c u la tio n  (see  
Appendix 9) where pathogen  and sa p ro p h y te  do n o t come in to  d i r e c t  
c o n ta c t ,  and much o f  th e  inoculum  f a i l s  to  g e t  i n to  th e  h o s t .
The r e s u l t s  w ith  sy stem ic  in o c u la t io n  were more c o n s is te n t  th an  
th o se  w ith  s p ra y  in o c u la t i o n , w hich a l s o  p e rm itte d  d e te c t io n  o f  
in h i b i t i o n  when th e  two b a c t e r i a  were c o - in o c u la te d  a t  a sap ro p h y te  
to  pathogen  r a t i o  o f  100 :1 .
In  f u r th e r  e x p e rim e n ts , o n ly  th e  i n f i l t r a t i o n  method was used 
because i t  was co n v e n ie n t and a c c u r a te .  From th e se  r e s u l t s  i t  i s  
concluded  t h a t  sa p ro p h y te s  o r^ o th e r  in d u c in g  m icro -o rgan ism s can 
i n h i b i t  th e  homologous £ .  m ich iganense  i f  th e y  a re  c o - in o c u la te d  
a t  a  s a p ro p h y te  to  pathogen  r a t i o  o f  100 :1 , o r i f  th e  sa p ro p h y te s  
a re  in o c u la te d  e a r l i e r  a t  a  r a t i o  o f  sap ro p h y te  to  pathogen o f  10:1 
or ab o v e . _
T h is  p r o te c t io n  i s  n o t  s p e c i f i c  ; fu rth e rm o re  , n o t a l l  th e  b a c t e r ia  
induce p r o te c t io n  to  th e  same d e g re e . P . a e ru g in o sa  induced  g r e a t e r  
p r o te c t io n  from  th e  homologous pathogen  £ ..  m ichiganense than  th e  
a v i r u l e n t  £ .  m ich iganense  s t r a i n  3 9 9 1 and € .  m ichiganense 399 /-
g r e a te r  th a n  F lavobac t e r  ium s p . (com pare F ig s .  18, 29 and 2 0 ) .
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The sa p ro p h y te  £ .  a e ru g in o sa  i n h ib i t e d  th e  f i n a l  p o p u la tio n  o f  th e  
h e te ro lo g o u s  pathogen E. ch ry san th em i b u t th e  p o p u la tio n  o f  
X,  c a m p e s tr is  in c re a s e d .  H ete ro lo g o u s  £ .  p h a s e o l ic o la  d id  n o t 
i n h i b i t  th e  homologous £ .  m ic h ig a n e n se . A lso , th e  experim en t d id  
n o t show any in h i b i t i o n  o f £ .  m ich iganense  and P . p h a s e o lic o la  in  
tom ato  le a v e s  c h a lle n g e d  w ith  homonymous h e a t - k i l l e d  c e l l s .  I t  
has  been re p o r te d  t h a t  h e a t - k i l l e d  c e l l s  o f  th e  same b a c t e r i a l  
pathogen  o r r e l a t e d  s p e c ie s ,  o r o th e r  s a p ro p h y tic  b a c t e r i a ,  i n h i b i t  
th e  grow th o f  th e  pathogen  e i t h e r  te m p o ra r i ly  o r ,  in  some c a s e s ,  
p erm anen tly  (L ovrekovich  and F a rk a s ,  1965; Lozano and S e q u e ira , 
1970b; S e q u e ira  and H i l l ,  1974; R athm ell and S e q u e ira , 1975).
As d e s c r ib e d  in  C hap ter 6 , w ith  to b a c c o  le a v e s ,  h e a t - k i l l e d  c e l l s  
o f P. p h a s e o l ic o la  in h ib i te d  th e  HR cau sed  by l i v e  c e l l s  o f  
£ .  p h a s e o l ic o la  b u t h e a t - k i l l e d  c e l l s  o f  C. m ich iganense  d id  n o t 
i n h i b i t  th e  HR by th e  homonymous b a c t e r i a .  C aruso  and Kuc (1979) 
a l s o  r e p o r te d  t h a t  h e a t - k i l l e d  c e l l s  o f  £ .  lacrym ans d id  n o t p r o te c t  
cucumber le a v e s  from  a n g u la r  l e a f  s p o t .
In  a l l  th e  above ex p erim en ts  th e  n o n -p a th o g en  p o p u la tio n  was 
r e g u la r ly  s tim u la te d  a s  was th e  h e te ro lo g o u s  £ .  p h a s e o lic o la  when 
i t  was in o c u la te d  in t o  le a v e s  p r io r  to  o r a f t e r  th e  homologous 
£ .  m ic h ig a n e n se , T h is  s t im u la t io n  o f  th e  non -p a th o g en s and 
h e te ro lo g o u s  £ .  p h a s e o l ic o la  by p a th o g en s  s u g g e s ts  t h a t  th e  
pathogen  in d u c es  a n o n - s p e c if ic  change in  th e  i n t e r c e l l u l a r  e n v iro n ­
ment o f  th e  h o s t  .which fa v o u rs  bac t e r i a l  m u l t i p l i c a t i o n . T h is  
e f f e c t  may be th e  r e s u l t  o f  i n a c t iv a t io n  o f  i n h ib i to r y  mechanisms 
o f  th e  p la n t  by , f o r  exam ple , d i s s o lv in g  th e  envelopm ent (see  
C hap ter 7) a n d /o r  may be co nnec ted  w ith  th e  commonly observed  
phenom enon .that p a th o g en ic  o rgan ism s in c re a s e d  h o s t  c e l l  membrane 
p e rm e a b il i ty  (W heeler and Hanchey, 1968). E le c tro n  m icroscope 
s tu d ie s  and works by Cook and S t a l l  (1968) and B ra th w a ite  and 
D ickey (1971a, b) su p p o r t t h i s  id e a .  In c re a s e d  c e l l  membrane “ - 
p e rm e a b il i ty  co u ld  r e s u l t  in  th e  in c re a s e d  a v a i l a b i l i t y ,  o f  w a te r 
and n u t r i e n t s  in  th e  i n t e r c e l l u l a r  en v ironm en t (B ra th w aite  and 
D ickey , 197Tb; . Hsu and D ickey , 1972b; Young, 197 4 a). The f a c t  
t h a t  main t a in  ih g  t i s s u e  in  -a w a te r  soaked c o n d i t io n  induces; ' -  
m u l t ip l i c a t io n  o f  n o n -pa thogens s t r o n g ly  s u g g e s t t h a t  w ate r
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a lo n e  i s  a l i m i t i n g  f a c t o r  in  th e  i n i t i a l  phase o f  b a c t e r i a l  
developm ent (Young, 1974b).
The i n h i b i t i o n  o b se rv ed  may be due f i r s t l y  to  d i r e c t  i n h i b i to r y  
in t e r a c t io n s  betw een b a c t e r i a  a s  re p o r te d  by S c h e r f f  (1 9 7 3 ). An 
i s o l a t e  o f  B d e l lo v ib r io  b a c te r io v o ru s  from th e  rh iz o s p h e re  o f  
soybean r o o t s  p re v e n te d  th e  developm ent o f  lo c a l  and sy stem ic  
symptoms o f  b l i g h t  cau sed  by £ .  g ly c in e a , when in o c u la te d  o n to  
le a v e s  w ith  th e  pathogen  a t  c e l l  r a t i o s  o f 9:1 and 9 9 :1 . E f f e c t iv e  
i s o l a t e s  were shown t o  be th o se  in  which a la r g e r  number o f  p rogeny  
c e l l s  were p roduced  p e r  h o s t c e l l  ( b u r s t  s i z e ) .
I n h ib i t io n  may be due to  p ro d u c tio n  o f  a c id .  F arabee  and Lockwood 
(1958) and Goodman (1965) su g g es ted  t h a t  in h ib i to r y  e f f e c t  o f  y e llo w  
b ac te riu m  (p ro b a b ly  E. h e r  b i c o l a ) on £ .  am ylovora in  a p p le  t r e e s  
came ab o u t by th e  p ro d u c tio n  o f an a c id  by E . h e r b ic o la . H sieh  and 
Buddenhagen (1974) a l s o  s u g g e s t ,  among v a r io u s  re a so n s  in c lu d in g  
p h y to a le x in  p ro d u c tio n  and n u t r i e n t  l e v e l  l i m i t a t i o n ,  t h a t
E. h e r b ic o la  i n h i b i t s  X. o ryzae  by lo w erin g  th e  pH. In  th e  
ex p erim en ts  d e s c r ib e d  th e  p o s s ib le  ro le , o f  pH was exam ined by 
fo llo w in g  th e  pH and th e  grow th Of P . a e ru g in o sa  and th e  g row th  
o f  £ .  m ich ig an en se  in  N u tr ie n t  B ro th  and N u tr ie n t  B ro th  c o n ta in in g  
5% g lu c o se  (F ig s .  31 and 3 2 ) .  In  N u tr ie n t  B ro th  p lu s  5% g lu c o s e ,
P .  a e ru g in o sa  low ered  th e  pH from  6 .5  to  4 ,8  in  s ix  d a y s . Bryan 
(1930) r e p o r te d  no grow th  o f  £ .  m ich iganense under pH 6 .1  w ith  m ost 
grow th a t  pH 7 .7  -  8 .3 .  In  N u tr ie n t  B ro th  th e  pH was in c re a s e d  from
7 .2  up to  9 .3 .  Ramamurthi (1959) r e p o r te d  th e  i n i t i a l  pH minimum- 
maximum a s  5 .0  and 7 .4  r e s p e c t iv e ly .  T h e re fo re , th e  lo w erin g  o f  th e  
pH to  below  6 .1  o r th e  in c re a s e  o f  th e  pH above 8 .3  may i n h i b i t  
C.
The c o m p e tit io n  o f  n u t r i e n t s  may be a n o th e r  f a c to r  o f  i n h i b i t i o n  a s  
H sieh and Buddenhagen (1974) r e p o r te d  between E. h e r b ic o la  a n d  
X. o ry z a e . In d e e d , when com paring th e  grow th r a t e s  o f  £ .  m ich iganense  
and P . a e ru g in o sa  in  v i t r o , in  N u tr ie n t  B ro th  and in  N u tr ie n t  B ro th  
p lu s  5% g lu c o s e , i t  a p p e a rs  t h a t  th e  sap ro p h y te  grows f a s t e r  th a n  th e
: -Ht'
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p ath o g en . I t  was shown t h a t  th e  l a r g e r  th e  r a t i o  sap ro p h y te  to  
pathogen th e  more e f f e c t i v e  i s  th e  sap ro p h y te  in  in d u c in g  
in h i b i t i o n  o f  th e  pathogen  (com pare F ig s .  14, 16 and 1 8 ). The 
f a i l u r e  o f  a  sap ro p h y te  to  in d u c e  i n h i b i t i o n  o f  th e  pathogen when 
c o - in o c u la te d  o r p r e - in o c u la te d  may be due to  th e  f a c t  t h a t  
inoculum  c o n c e n tra t io n  o f  th e  in d u c in g  organism  was to o  low and 
th e  pathogen  was i n f i l t r a t e d  i n t o  in f e c t io n  s i t e s  which were 
unoccupied  o r occup ied  a t  low c o n c e n tr a t io n s  by th e  in d u c e r and 
were th e r e f o r e  u n ab le  to  i n h i b i t  th e  pa thogen . L ip p in c o t and 
L ip p in c o t (1969) p o s tu la te d  t h a t  th e  in h i b i t i o n  o f a v i r u l e n t  by 
a n o n - v i r u le n t  s t r a i n  o f  A gro b ac te riu m  tu m efac ien s  was due to  
e x c lu s io n  o f  th e  v i r u l e n t  s t r a i n  from  s p e c i f i c  a ttach m en t s i t e s  
w ith in  th e  h o s t  t i s s u e  and t h a t  HR was n o t in v o lv e d .
The p ro d u c tio n  o f  a n t i b i o t i c s  a c t i v e  a g a in s t  fu n g i and b a c te r ia  
have been r e p o r te d .  Leben (1964) showed th a t  o f  230 i s o l a t e s  o f  
e p ip h y tic  b a c t e r i a  i s o la te d  from  cucum ber le a v e s  on ly  one p o sse ssed  
s t r o n g ly  a n ta g o n is t i c  p r o p e r t i e s  a g a in s t  C o lle tr ic h u m  la g e n a riu m . 
Leben and D a ft (1965) r e p o r te d  e x t r a c t i o n  o f  an a n t i f u n g a l  
a n t i b i o t i c  from  l iq u id  c u l tu r e s  o f  th e  b ac te riu m . Pseudomonas 
f l u o r e s c e n t , a common e p ip h y te  on p la n t  s u r f a c e s ,  has been shown 
by T e l iz ^ O r t iz  and B u rkho lder (I9 6 0 ) to  produce an a n t i b i o t i c  which 
i s  a c t iv e  a g a in s t  P . p h a s e o l ic o la  b o th  an v i t r o  and in  bean p la n t s .  
De Vay e t  a l . (1968) have shown t h a t  a  wide spectrum  o f  a n t i b i o t i c s  
was produced  by a l l  p a th o g e n ic  i s o l a t e s  o f  P . s y r in g a e . The 
mechanism o f  b io lo g ic a l  c o n t r o l  o f  A g robacte rium . r a d io b a c te r  v a r . 
tu m e fa sc ie n s  ( th e  crown g a l l  o rgan ism ) by a c l o s e l y - r e l a t e d , non- 
p a th o g en ic . b a c te r iu m . A., r a d io b a c te r  v a r . r a d io b a c te r , has been 
in v e s t ig a te d  by K err and H tay (1 9 7 4 ). The non-pathogen  was found 
to  p roduce a  p r o te in  a n t i o b i o t i c  ( b a c te r io c in )  which in h ib i te d  
p a th o g en ic  s t r a i n s .  The a b i l i t y  t o  produce an a n t i b i o t i c  in  
c u l tu r e  does n o t  n e c e s s a r i ly  mean t h a t  th e  a n t i b i o t i c  i s  produced 
in  v iv o  and v ic e  v e r s a , i f  i t  i s  n o t  produced in  v i t r o , i t  does 
n o t mean t h a t  i t  i s  h o t produced in  v iv o  because i t  c ^  be broken 
down o r i n a c t iv a te d .  ' ''' ---
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In  a d d i t io n ,  i t  i s  su g g es ted  t h a t  in h ib i t i o n  o f  p a th o g en ic  b a c t e r ia  
by in c o m p a tib le  b a c te r ia  i s  due to  th e  in d u c tio n  o f  HR by 
in c o m p a tib le  b a c t e r ia  (A verre and Kelman, 1964; G a r r e t t  and 
C ro sse , 1975).
When one b ac te riu m  or an in d u c in g  a g e n t has no a c t io n  a g a in s t  th e  
pathogen  in  v i t r o  (a s  was found w ith  Flavobac te r iu m ) i t  i s  l i k e l y  
t h a t  an i n d i r e c t  e f f e c t  may be o p e ra t iv e  in v o lv in g  th e  h o s t 's  
m e tab o lism . The r e s u l t s  showed t h a t  in  m ost c a s e s ,  th e  p r o te c t io n  
o f  th e  p la n t  t i s s u e  from th e  p a th o g en , to o k  p la c e  when th e  pa thogen  
was in o c u la te d  a f t e r  one day o f  th e  c h a l le n g in g  b a c te r iu m . T h is  . 
tim e la g  a g a in s t  a  c h a lle n g e  dose may be ta k e n  to  in d ic a te  t h a t  
some p h y s ic a l  o r b io c h em ic a l h o s t  dependen t changes occur a f t e r  
p r e - in o c u la t io n  w ith  th e  in d u c in g  ag e n t w hich p re v e n ts  th e  pathogen  
from  c a u s in g  in f e c t io n .  E le c tro n  m icroscope s tu d ie s  (C hapter 8) 
r e v e a le d  e n c lo su re  o f  a l l  th e  in v a d in g  b a c t e r i a ,  w hether hom ologous, 
h e te ro lo g o u s  o r s a p ro p h y tic .  S e q u e ira , G aard and De Zoeten (1977) 
r e p o r te d  t h a t  h e a t - k i l l e d  c e l l s  o f  B-1 s t r a i n  o f  P . so lanacearum  
a re  a t ta c h e d  and enveloped  by to b a cco  m esophy ll c e l l  w a lls  in  th e  
same f a s h io n  a s  d e s c r ib e d  f o r  l i v e  c e l l s .  Leaves t r e a te d  w ith  
h e a t - k i l l e d  c e l l s  do n o t undergo  th e  HR when c h a lle n g e d  a  few h o u rs  
l a t e r  w ith  l i v e  B-1 c e l l s . A sso c ia te d  w ith  t h i s  p r o te c t io n  phenomenon 
i s  th e  a p p a re n t la c k  o f  a tta c h m e n t o f  th e  c h a l le n g e  b a c te r ia  to  th e  
h o s t  c e l l  w a l l .  S t a l l  and Cook (1979) gave e v id e n c e  t h a t  b a c t e r i a l  
c e l l  c o n ta c t  w ith  p la n t  c e l l  w a ll  i s  n e c e s s a ry  f o r  HP. T his co u ld  
e x p la in  t h e . i n h ib i t i o n  o f  HR in  tom ato le a v e s  c h a lle n g e d  w ith  
sa p ro p h y te  P . a e ru g in o sa  and in o c u la te d  24 h o u rs  l a t e r  w ith  
X. c a m p e s t r i s . T h is in h i b i t i o n  o f  HR p rev en ted  th e  t i s s u e  becoming 
d ry  and th u s  b a c t e r i a l  p o p u la tio n  from d e c re a s in g  d r a m a t ic a l ly .  '
The b a c t e r i a  p ro b ab ly  S tayed  f r e e  and behaved in  t h i s  r e s p e c t  l i k e  
co m p a tib le  o n e s .
B ra th w a ite  and D ickey (1970) and Maino e t  a l .  (1974) r e p o r te d  . 
syn erg ism  o f  th e  sap ro p h y te  and pathogen P , c a r y o p h y l l i  and 
P . p h a s e o l ic o la  r e s p e c t iv e l y . U su a lly , a l th o u g h  p a th o g en ic  b a c t e r i a  
a re  n o t  a t ta c h e d  in  p ro te c te d  le a v e s ,  p o p u la tio n s  a re  reduced  due 
to  acc u m u la tio n  o f  b a c t e r i o s t a t i c  compounds in  th e  i n t e r c e l l u l a r T ■ U'
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f l u i d  (Orner and Wood, 1966; R athm ell and S e q u e ira , 1975). A lso , 
i t  has been su g g e s te d  by C ru ickshank  (1963) t h a t  e n t ry  by any 
organism  i n t o  l i v i n g  p la n t  t i s s u e  induced th e  p ro d u c tio n  o f  a 
p h y to a le x in  w hich has  b ro ad -sp ec tru m  a n t ib io t i c  c h a r a c t e r i s t i c s  
and w hich was e f f e c t i v e  a g a in s t  most organism s o th e r  th a n  th e  
homologous p a th o g e n s . F in a l ly ,  Lozano and S eq u e ira  (1970a, b) 
r e p o r te d  t h a t  th e  mechanisms t h a t  r e s u l t  in  th e  HR, and th o se
which p re v e n t i t ,  a re  bo th  l ig h t-d e p e n d e n t.
From th e  r e s u l t s  and th e  above r e p o r t s ,  i t  i s  assumed t h a t ,  in  
s p i t e  o f  th e  many common h o s t  r e a c t io n s ,  p a th o g e n e s is  in  d i f f e r e n t  
h o s t-p a th o g e n  co m b in a tio n s  i s  dependen t on many d i f f e r e n t  f a c t o r s ,  
a s  a re  m ost th in g s  in  th e  b io lo g ic a l  w o rld .
Pseudomonas a e ru g in o sa  and o th e r  sap ro p h y te s  a re  f r e q u e n t  in h a b i ta n t s  
o f  g reen  f o l i a g e . They can be p re s e n t  in  la rg e  numbers and a re  n o t 
e x a c tin g  n u t r i t i o n a l l y  (M isaghi and G rogan, 1969). In  p l a n t s ,  p r io r  
to  and d u r in g  i n f e c t i o n ,  p a th o g en ic  b a c te r ia  a re  s u b je c t  t o  m an ifo ld  
p re s s u re s  e x e r te d  by o th e r . m icro ro rg an ism s . A f r e q u e n t  e x p la n a tio n
fo r  poor s u r v iv a l  o f  p la n t  p a th o g e n ic  b a c te r ia  in  s o i l  i s  t h a t  th e y
a re  in h i b i t e d  by a n ta g o n is t i c  members o f  th e  m ic ro f lo ra .  
T h e o r e t ic a l ly ,  m ic ro b ia l  e p ip h y te s  co u ld  i n h i b i t  th e  in f e c t io n  and 
th e  r e s id e n t  phase  o f  a  pathogen  and th u s  c u r t a i l  d is e a s e  sp read  
on a  p la n t  o r  among p l a n t s .  Two means o f  a c h ie v ih g  t h i s  a re  
a p p a re n t : t o  a l lo w  n a t u r a l  c o n t r o l  mechanisms to  p roceed  u n h in d ered
by a v o id in g , a s  f a r  a s  p o s s ib le ,  th e  in d is c r im in a te  u se  o f  fu n g ie id e s  
which d e s tro y  th e  e p ip h y tic  f l o r a  (D ick in son , 1973) t o  m a n ip u la te  
th e  system  so  a s  t o  g iv e  in c re a s e d  c o n t r o l .  K err and H tay (1974) 
ach iev ed  b io l o g ic a l  c o n t r o l  of. A. tu m efasc ie n s  w ith .a  r e l a t e d  
b a c te r iu m . U se .co u ld  a l s o  be made o f  p ro d u c ts  formed by b a c t e r i a ,  
fo r  exam ple a n t i b i o t i c s ,  i f  th e y  a r e  s ta b le  and s p e c i f i c  a g a in s t  
th e  p a th o g en . _
F ig . 10. The D evelopm ent o f  d i f f e r e n t  c o n c e n tra t io n s  
o f  C. m ich ig an en se  in  tom ato  le a v e s
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F ig . 11. D evelopm ent o f  s a p ro p h y te s  a e ru g in o sa  and 
F la v o b a c te r iu m  sp . a t  d i f f e r e n t  c o n c e n tr a t io n s  
in  tom ato  le a v e s
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F ig . 12. Developm ent o f  d i f f e r e n t  c o n c e n tra t io n s  o f
h e te ro lo g o u s  s y r in g a e  and P . p h a s e o lic o la  
in  to m ato  le a v e s
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F ig . 13. D evelopm ent o f  d i f f e r e n t  c o n c e n tra t io n s  o f
h e te ro lo g o u s  E rw in ia  c h ry sa n th e m i, C orynebacterium  
f a s c ia n s  and Xanthomonas c a m p e s tr is  in  tom ato  le a v e s
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F ig .  14 . D evelopm ent o f £ .  m ic h ig a n e n se , i n  tom ato  le a v e s  
c h a lle n g e d  w ith  s a p ro p h y te  £ .  a e ru g in o sa  
a t  r a t i o  1:1
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F ig . 15 . D evelopm ent o f  £ .  m ich iganense  in  tom ato
le a v e s  c o - in o c u la te d  w ith  th e  sap ro p h y te  
P . a e ru g in o sa  a t  a r a t i o  o f 1:1
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F ig .  16, D evelopm ent o f  homologous C. m ich iganense in  
tcanato le a v e s  c h a lle n g e d  w ith  th e  sap ro p h y te  
P . a e ru g in o sa  a t  a r a t i o  o f  1:10
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F ig .  17. D evelopm ent o f  £ .  m ich ig an en se  in  tom ato  
le a v e s  c o - in o c u la te d  w ith  th e  sa p ro p h y te  
P . a e ru g in o sa  a t  a  r a t i o  o f  1:10
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F ig . 18. D evelopm ent o f £ .  m ich iganense  in  tom ato 
le a v e s  c h a lle n g e d  w ith  th e  sap ro p h y te  
P . a e ru g in o sa  a t  a r a t i o  o f  1:100
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F ig . 19. D evelopm ent o f  £ .  m ich iganense  in  tom ato  
le a v e s  c o - in o c u la te d  w ith  th e  sap ro p h y te  
P . a e ru g in o sa  a t  a r a t i o  o f  1:100
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F ig . 2 0 . D evelopm ent o f  £ .  m ich ig an en se  in  tom ato 
le a v e s  c h a l le n g e d  w ith  th e  sap ro p h y te  
F la v o b a c te r iu m  sp . a t  a r a t i o  o f 1:100
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F ig .  2 1 . D evelopm ent o f  £ .  m ich ig an en se  in  tom ato 
le a v e s  c o - in o c u la te d  w ith  th e  sap ro p h y te  
F la v o b a c te r iu m  sp . a t  a  r a t i o  o f  1:100
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F ig . 2 2 . Developm ent o f  £ .  m ich iganense  in  tom ato  le a v e s  
c h a lle n g e d  w ith  h e te ro lo g o u s  jP. p h a s e o lic o la  a t  
a r a t i o  o f  1:10
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F ig .  2 3 . D evelopm ent o f  £ .  p h a s e o l ic o la  in  tom ato  le a v e s  
c h a l le n g e d  w ith  homologous £ .  m ich iganense  a t  a 
r a t i o  o f  1 :10
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F ig .  2 3 . D evelopm ent o f  £ .  p h a s e o l ic o la  in  tom ato  le a v e s  
c h a l le n g e d  w ith  hom ologous £ .  m ich iganense  a t  a 
r a t i o  o f  1 :10
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Fig. 24. Development of X. campestris in tomato leaves
challenged with P. aeruginosa at a ratio of 1:1 .
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Fig. 25. Development of X. campestris in tomato leaves
challenged with aeruginosa at a ratio of 1:100
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Fig. 26. Development of E. chrysanthemi in tomato leaves
challenged with saprophyte £. aeruginosa at a
ratio of 1:1
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Fig. 2 1 . Development of chrysanthemi in tomato leaves
challenged with the saprophyte £. aeruginosa
at a ratio of 1:100
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F ig .  2 8 . D evelopm ent o f  v i r u l e n t  C. m ich iganense  in  
to m a to  le a v e s  c h a lle n g e d  w ith  a v i r u l e n t  
C. m ich iganense  399 a t  a  r a t i o  o f  1 :10
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Fig. 2 9 . Development of virulent C. michiganense in tomato
leaves challenged with avirulent C. michiganense 399
at a ratio of 1:100
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F ig .  3 0 . D evelopm ent o f  £ .  m ich iganense  and jP. p h a s e o lic o la  
in  tom ato  le a v e s  c h a lle n g e d  w ith  homonymous 
h e a t - k i l l e d  c e l l s
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F ig . 3 1 . Changes o f  pH in  c u l t u r e s  o f  a e ru g in o sa  i n ' 
N u tr ie n t  B ro th  and in  N u tr ie n t  B ro th  + 5% G lucose
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F ig .  3 2 . Growth o f a e ru g in o s a  and C.  m ichiganense in  
N u tr ie n t  B ro th  (NB) and in  NB + 5% G lucose
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CHAPTER 10
DETECTION OF CORYNEBACTERIUM MICHIGANENSE
10.1 In tro d u c t io n
The id e a l  method o f  p ro v in g  th e  p a th o g e n ic i ty  o f  m icro -o rg an ism s, 
in c lu d in g  b a c t e r i a ,  i s  to  fo llo w  K och 's  p o s tu la te s .  Some b a c te r ia  
can , how ever, l i v e  on t h e i r  h o s ts  o r on n o n -h o s t p la n ts  w ith o u t 
p ro d u c in g  symptoms (C hap ter 4 .6  and 4 .7 ) .  Thus th e  d e te rm in a tio n  
o f  K och 's  p o s tu la te s  may be d i f f i c u l t  and fu rth e rm o re  tim e - 
consum ing. One o f  th e  m ajor p roblem s encoun tered , in  th e  s tu d y  o f  
d is e a s e  i s  th e  i n i t i a l  d e te c t io n  o f  th e  in v a d in g  o rgan ism s. Many 
commonly used  te c h n iq u e s  a r e  n o t  s u f f i c i e n t l y  s e n s i t i v e  to  d e te c t  
in v a d in g  o rg an ism s, e i t h e r  a t  e a r ly  s ta g e s  o f  in f e c t io n ,  o r when 
pa th o g en s a re  in  low c o n c e n tr a t io n s .  D if f e r e n t  methods have been 
t r i e d  to  in c re a s e  th e  e f f i c i e n c y  o f  d e te c t in g  b a c t e r i a l  p a th o g en s.
One o f  th e s e  m ethods i s  p l a t in g  on s e le c t iv e  m edia. In d eed , in  
C hap ter 2 .6 ,  i t  was shown t h a t  u s in g  th e  s e le c t iv e  medium Se4,
£ .  m ich iganense  co u ld  be d e te c te d  in  mixed c u l tu r e s  w ith  sa p ro p h y te s  
b u t th e  re c o v e ry  o f  th e  pathogen  depended on bo th  th e  c o n c e n tra t io n  
and on th e  ty p e  o f  sa p ro p h y te .
In o c u la t in g  s e n s i t i v e  h o s ts  i s  a n o th e r  method used  fo r  in c re a s in g  
th e  s e n s i t i v i t y  o f  re c o v e ry . L e l l i o t  and S e l l a r  (1976) and O lsson 
(1976) in o c u la te d  egg p la n t s  (Solanum m elongena) to  d e te c t  
£ .  sepedonicum .
Very o f te n  n a t u r a l  h o s ts  a r e  ih o c u ia te d  w ith  su sp e c te d  m a te r i a l .
Thus S t r i d e r  (1 9 6 7 ), in  o rd e r  t o  d e t e c t  £ .  m ich iganense s u rv iv in g  
in  s o i l ,  sp ray ed  tom ato  s e e d l in g  w ith  s o i l  s u sp e n s io n . S im i la r ly ,  
Thyr ( 1969) ,  u s in g  a r t i f i c i a l l y  in f e c te d  tom ato s e e d s , found t h a t  by 
stem  in o c u la t in g  tom ato s e e d l in g s  w ith  m a te r ia l  from seed s  i t  was 
p o s s ib le  to  d e te c t  one in f e c te d  seed  p e r th o u sa n d . L eaf i n f i l t r a t i o n  
m ethods have been u sed  by Goto (1972) fo r  th e  d e te c t io n  o f  
Xanthomonas c i t r i  from s o i l  and w eeds, and by Kennedy (1969) fo r
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th e  d e te c t io n  o f  P. g ly c in e a  from  soybean . P . so lanacearum  can be 
d e te c te d  from n a t u r a l ly  and a r t i f i c i a l l y  in f e s t e d  s o i l  by t h i s  
method (Tanaka, 1978).
A ccord ing  to  E rc o la n i (1968), th e  m ost e f f i c i e n t  e s t im a te s  o f  th e  
o c c u rre n c e  o f  £ .  m ich iganense i s  by th e  p h a g e -p la te -c o u n t m ethod. 
F usikovsky  (1978) d ev ised  a r a p id  d i r e c t  t e s t  fo r  d e te c t io n  o f  
£ .  so lanacearum  in  p o ta to  tu b e rs  based  on p o s i t iv e  o x id ase  and 
u re a s e  r e a c t io n s .
F in a l ly ,  s e r o lo g ic a l  te c h n iq u e s  may be u sed  to  d e te c t  p a th o g en ic  
b a c t e r i a .  The s p e c i f i c i t y  o f  s e r o lo g ic a l  r e a c t io n s ,  a s  u sed  in  
m ed ica l m ic ro b io lo g y , has le d  to  th e  developm ent o f  such methods 
f o r  th e  a c c u ra te  d e te c t io n  and i d e n t i f i c a t i o n  o f  b a c t e r i a l  p la n t  
p a th o g e n s . For exam ple, u s in g  immunoflu o re s c e n t ,  m ic ro a g g lu tin a tio n  
and im m unodiffusion  p ro c e d u re s , M orton and Thyr (1966) were a b le  
to  d ia g n o se  £ .  m ich iganense  in f e c t io n  o f  tom ato  t i s s u e .  R ecen tly
enzyme l in k e d  im m unosorbent a s s a y  te c h n iq u e s  (ELISA) have been used  
in  im m unological and c l i n i c a l  p a th o lo g y  s tu d ie s  to  d e te c t  human 
d is e a s e s  (V o ile r  £ t  a l . ,  1977). A d a p ta tio n s  o f  ELISA have been 
e x te n s iv e ly  u sed  t o  d e te c t  p la n t  v i r u s e s  in  bo th  p u r i f i e d  p r e p a ra t io n s  
and in  u n c l a r i f i e d  p la n t  e x t r a c t s  (V o ile r  e £  ^ . , 1976; C la rk  and 
Adams, 1977; T hresh  ^  a l . , 1977; C la rk  e t  a l . , 1978; Adams, 1978; 
B arb ara  e t  a l . ,  1978; C onverse, 1978; L i s t e r ,  1978; Reeves e t  a l . ,  
1978; B ar-Jo sep h  e t  a l . ,  1979; F leg g  & C la rk , 1979; G onsa lves,
1979; L i s t e r  and Rochow, 1979; K oenig e t  a l . ,  1979; M ario and
Kohen, 1979; M acLaughlin e t  a ï . , 1979; C la rk  ^  a l . , 1980;
Uyeraoto, 1980). The a p p l ic a t io n  o f  ELISA to  d e t e c t  sp iro p la sm as  
in  p la n ts  has a l s o  been re p o r te d  (C la rk  e t  a l . , 1978). T here a re  a 
few  r e p o r t s  o f  ELISA being  used  f o r  th e  d e te c t io n  o f  b a c te r ia  (Cambra 
and L opez, 1978; V ruggink, 1978; M orley and J o n e s , 1980; Nome 
e t  a l . .
In  t h i s  c h a p t e r .ex p erim en ts  a re  d e s c r ib e d  which were c a r r i e d  o u t in  
o rd e r  to :
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(a) f in d  h ig h ly  s e n s i t i v e  h o s ts  to  C. m ich iganense  t h a t  m ight be
used  in  th e  e a r ly  d e te c t io n  o f  d is e a s e ;
(b) d e t e c t  £ .  m ich iganense in  s e e d s  by a l e a f  i n f i l t r a t i o n  t e s t ;
(c) exam ine th e  ELISA te c h n iq u e  a s  a p o s s ib le  means o f  d e te c t in g
C.  m ich iganense  in  low c o n c e n tr a t io n s .
A b r i e f  a cc o u n t o f  th e se  l a t t e r  e x p e rim en ts  has been p u b lish e d  
p re v io u s ly  (S tev en s & T s ia n to s ,  1979).
10.2 H ost Range
Tomato p la n t s  (Lycopersicum  e sc u le n tu m ) o f  d i f f e r e n t  com m ercial 
v a r i e t i e s  were grown in d iv id u a l ly  to  th e  2 -4  and 5-7  t r u e  l e a f  
s ta g e s  a s  d e s c r ib e d .  P la n ts  o f  o th e r  s p e c ie s  (see  below) were 
grown in  s im i la r  c o n d i t io n s  to  th e  same s ta g e  o r were 30-40 days 
o ld . Some p la n ts  were p ro v id ed  by th e  U n iv e rs i ty  o f  London 
B o ta n ic a l Supply  U n it .
Q
S u s p e n s io n s p f  £ .  m ich iganense J2 a t  c o n c e n tr a t io n  o f  1-3 x 10 
CFU/ml w ere used  a s  inoculum . P la n ts  were in o c u la te d  e i t h e r  by 
sp ra y in g  th e  le a v e s  o f  th e  young p la n t s  from  a d is ta n c e  o f  10 cm 
w ith  inoculum  c o n ta in in g  a  l i t t l e  carborundum  a s  an a b r a s iv e ,  o r 
by c u t t i n g  th e  f i r s t  t r u e  l e a f  w ith  a s c a lp e l  d ipped  p re v io u s ly  
in  th e  inocu lum . In  th e  l a t t e r  c a se  th e  wound was covered  w ith  
P .T .F .E . ta p e .  A f te r  in o c u la t io n ,  th e  p la n ts  were p la ced  in  th e  
p l a s t i c  cage in  th e  g la ssh o u se  (RH more th an  90%). R e s u lts  were 
ta k en  a f t e r  te n  days f o r  sp ra y  in o c u la t io n  o r  a f t e r  one month f o r  
th e  sy s tem ic  in o c u la t io n .  The d is e a s e  r a t i n g s  d e sc r ib e d  in  C hap ter 2 
were u se d . For each  tre a tm e n t te n  p la n ts  were in o c u la te d  w ith  th e  
b a c t e r i a l  inoculum  and fo u r  w ith  w a te r  f o r  c o n t r o l .
The fo llo w in g  s p e c ie s  and v a r i e t i e s  were u sed :
Lycopersicum  escu len tum  M il l ,  v a r . Marmade 
" " ” K ird fo rd s
-M V " A ils a  C ra ig
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Lycopersicum  escu len tu m  M il l .  v a r .  Roma
Amateur 
Money Maker 
B ru in sa  
Ganne t
Cudlow C ross 
M a r tle t  
G ren ad ie r 
S onato  
S o n a tin e  
T sa r in a
L ycopersicum  p im p in e l l ifo l iu m  M ill .  
Lycopersicum  p y rifo rm e Dun 
Lycopersicum  c e ra s ifo rm e  Dun 
Solanum s isy m b rifo liu m  Lam.
Solanum c a p s ic a s tru m  LK.
Solanum du lcam ara  L.
Solanum q u ito e n s e  Lam.
Solanum m elongena L . v a r . B lack B eauty
N ic o tia n a  tabacum  L. v a r .  W hite B urley
" " " X an th i
N ic o tia n a  a f f i n i s  Moore 
N ic o tia n a  a l a t a  Link & O tto  
N ic o tia n a  r u s t i c a  L .
N ic o tia n a  g lu t in o s a  L.
N ic o tia n a  g la u c a G rah .
Agératum houstonianum  M ill .
A tr opa b e lla d o n a  L.
B ro w a llia  s p e e io s a  Hook 
D atu ra  stram onium  L. G ordoni 
D atu ra  stram onium  L.
Lepidium  sa tiv u m  L . (C ress c u r le d )
P h aseo lu s  a u re u s  Roxb. (Mung bean)
G lycine  max M err. (Soya)
Geranium s p .  - - '
P e tu n ia  h y b r id a  H o rt.
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S a lp ig lo s s u s  s in u a ta  R uiz & Pavon. 
N icandra p h y s a lo id e s  (L .)  G aertn .
Pisum sa tiv u m  L. v a r .  Feltham  f i r s t  
V ic ia  fa b a  L . v a r . A quadulce (Broad b ean ) 
Vigna s in e n s i s  S a v i . (Cowpea)
R e su lts  and D isc u s s io n
The r e s u l t s  showed t h a t  a l l  th e  com m ercial v a r i e t i e s  o f  L. escu len tu m  
were v e ry  s u s c e p t ib le  and th e  p la n ts  showed ty p i c a l  symptoms o f  
th e  d is e a s e  (C h ap te r 3 .1 )  and th e  d is e a s e  in d ic e s  were 4 .6  to  4 .9  
(o u t o f  5) and 6 .8  to  8 .1  (o u t o f  10) f o r  sy stem ic  and sp ra y  
in o c u la t io n  r e s p e c t iv e l y .  From th e  o th e r  t e s t e d  p la n ts  th e  d is e a s e  
in d ic e s  w ere a s  f o l l o w s : -
L. p y rifo rm e  3 .2  and 4 .7
L. c e ra s ifo rm e  3 .0  and 4 .2
£ .  p im p e rn e ll ifo l iu m  2 .7  and 3 .5
S. s is y m b rifo liu m  2 .4  and 3.1
The f i r s t  m en tioned  d is e a s e  index  i s  f o r  sy stem ic  and th e  second f o r  
sp ray  in o c u la t i o n .  None o f  th e  o th e r  p la n ts  te s t e d  showed symptoms.
The above r e s u l t s  a g re e  w ith  th o se  o f  Ark (1944) who r e p o r te d  
s u s c e p t i b i l i ty ,  o f  L. pim perne l l i f  olium  ( to  C. m ich iganense  ) and 
w ith  th o se  o f  H assan e t  (1968) who re p o r te d  s u s c e p t i b i l i t y  o f  
L. pim perne l l i f  o liu m , L* p y r ifo rm e , L. c e ra s ifo rm e  and 
S. s is y m b r ifo l iu m . These a u th o rs  a l s o  r e p o r te d  t h a t  S . m elongena 
and N ic o t ia n a  sp p . were n o t s u s c e p t ib le .
tr
L e l l i o ^  and S e l l a r  (1 9 7 6 ), a s  w e ll  a s  O lsson (1976) found t h a t  egg 
p la n t  (S . m elongena) was more s e n s i t i v e  to  £ .  sepedonicum  th a n  i t s  
n a tu r a l  h o s t  p o ta to ,  and th e y  used  i t  a s  in d ic a to r  p la n t  to  d e t e c t  
Ring Rot in  p o ta to  t u b e r s . The above r e s u l t s  showed t h a t  no p la n t  
i s  more s e n s i t i v e  to  £ .  m ich iganense th an  tom ato  and th u s  th e s e  
can n o t be u sed  a s  in d ic a to r^  p la n t s .
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10.3 D e te c tio n  o f  C. m ich iganense  in  In fe s te d  Seeds by a L eaf 
I n f i l t r a t i o n  Technique
Tomato se e d s  ( v a r ie ty  G re n a d ie r)  were s u rfa c e  s t e r i l i z e d ,  th en  
in f e s te d  w ith  C. m ich iganense  G2, u s in g  a b a c t e r i a l  su sp e n s io n .
The seed  b a c t e r i a l  inoculum  o f  sam ples was de term ined  a s  d e s c r ib e d  
in  C hap ter 2 . The inoculum  p e r seed  in  f iv e  d i f f e r e n t  ex p erim en ts  
v a r ie d  from  6 .6  x 10^ to  3 .4  x 10^ CFU/seed. I n f e s te d  seed s  were 
then  mixed w ith  h e a l th y  seed s  a t  r a t i o s  1 :100 , 1:1000 and 1 :2000 . 
Seed sam ples (100 o r 500 se e d s )  were th o ro u g h ly  ground in  10 ml 
o r 20 ml o f  s t e r i l e  R in g e r 's  s o lu t io n  u s in g  a s t e r i l e  p e s t l e  and 
m o rta r and a l i t t l e  s t e r i l e  sand  to  a id  g r in d in g . The homogenate 
was a llow ed  to  s ta n d  f o r  10-20 m in u tes  to  h e lp  e x t r a c t io n  o f  
b a c t e r i a .  The homogenate was f i l t e r e d  a s e p t i c a l ly  th ro u g h  Whatman 
No.1 p aper u nder vacuum in t o  s t e r i l e  f l a s k s .  The f i l t e r e d
t  homogenate was i n f i l t r a t e d  in t o  young tom ato le a v e s  a s  d e sc r ib e d
 ^ in  C hap ter 9- F iv e  o r s ix  l e a f  sam ples were p la te d  on NA p la t e s
a f t e r  e ig h t  d a y s . The r e s u l t s  a r e  shown in  T able 21.
Most o f  th e  i n f i l t r a t e d  le a v e s  to o k  on a  y e llo w ish  c o lo u r  a f t e r  
5-8  days and in  some c a s e s  sm a ll w h ite  sp o ts  ( ty p ic a l  o f  th e
d is e a s e )  d ev e lo p ed . P la t in g  from  th e  y e llow  le a v e s ,  th e
5 6C. m ich iganense p o p u la tio n  was found to  be 10 to  10 CFU/plan1 
and where s p o ts  had developed  th e  p o p u la tio n  had reach ed  up to  
2 X 10^ C FU /plant u n i t .  The te c h n iq u e  c o n s i s te n t ly  d e te c te d  or 
in f e s te d  seed  in  100, 1000 an d , m ost tim e s , ip  2000 s e e d s .
The leaT  i n f i l t r a t i o n  method i s  based  On th e  f a c t  t h a t  tom ato
.
le a v e s  work a s  s e l e c t iv e  a g e n ts  and assum es th a t  one pathogen c e l l  
can cau se  in f e c t io n .  In d eed , H ild eb ran d  (1937 amd 1942) d em o n stra ted  
e x p e rim e n ta l in f e c t io n  o f  a p p le  f lo w e rs  by s in g le  c e l l s  o f  E rw in ia  
am ylovora and o f  tom ato p la n t s  w ith  s in g le  c e l l s  o f  Phytomonas 
tu m e fa c ie n s . The d a ta  o f  L ip p in c o t and L ip p in c o t (1968) in d i c a te  
t h a t  a  s in g le  c e l l  o f  a v i r u l e n t  A. tu m efac ien s  can p re v e n t tumour 
i n i t i a t i o n  by a  s in g le  v i r u l e n t  c e l l  o f  A, tu m efac ien s  on P in to  
bean p rim ary  l e a v e s . Thyr (1968b) w orking w ith  £ .  m ich ig an e n se , 
found t h a t  o n ly  one b a c t e r i a l  c e l l  was needed to  i n i t i a t e  in f e c t io n
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T able 2 1 . D e te c tio n  o f C.  m ich ig an en se  in  tom ato  seed s '
by i n f i l t r a t i o n  o f  tom ato  le a v e s
E xperim ent
No.
R a tio  o f  i n f e s t e d  to  h e a l th y  seed s
1:100 1:1000 1:2000
Number o f 
C.
l e a f  sam ples y ie ld in g  
m ich iganense
1 6 /6 ^ 6 /6 5 /6
2 5 /5 5 /5 6 /6
3 5 /5 5 /5 5 /6
4 5 /5 5 /5 6 /6
5 5 /5 5 /5 6 /6
a : Tomato le a v e s  were i n f i l t r a t e d  w ith  an homogenate 
from  mixed seed s
b : The second  number i s  th e  number o f  le a v e s  sampled
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in  tom ato  p l a n t s .  Goto (1972) re p o r te d  t h a t  a s in g le  c e l l  o f  
Xanthomonas c i t r i  in je c te d  in to  th e  m esophyll o f  c i t r u s  le a v e s  
can m u l t ip ly  and cau se  l e a f  s p o t .  E rc o la n i (1967b), u s in g  th e  
lo g  d o s e /p r o b i t  re sp o n se  cu rve  and weak d o ses  o f  a  m ix tu re  o f  
te r r a m y c in - s u s c e p t ib le  and te r r a m y c in - to le r a n t  v a r i a n t s  o f  
£ .  m ich ig an en se  in  ap p ro x im ate ly  e q u a l p a r t s ,  concluded  t h a t  a 
s in g le  c e l l  o f  £ .  m ich iganense can in f e c t  to m ato es . S im ila r  r e s u l t s  
o b ta in e d  in  much th e  same way were r e p o r te d  by E rc o la n i  (1973) 
fo r  s ix  Pseudomonas s p e c ie s  in  t h e i r  s u s c e p t ib le  h o s t s .  The d a ta  
o f  C rosse e t  a l .  (1979) on th e  re sp o n se  o f  ap p le  le a v e s  to  graded  
do ses  o f  £ .  am ylovora a p p lie d  to  th e  sev e red  end o f  th e  main v e in s  
show in f e c t io n  by a  s in g le  b a c t e r i a l  c e l l .  E ssen b erg  e t  a l .  (1979a) 
concluded  t h a t  in  b o th  s u s c e p t ib le  and immune c o t to n  le a v e s  in f e c t io n  
can be i n i t i a t e d  by a s in g le  c e l l  o f  X.  m alvacearum .
F in a l ly ,  th e  r e s u l t s  o f th e se  e x p e rim e n ts , a s  w e ll a s  th e  r e s u l t s  
d e s c r ib e d  in  C h ap te r 9 where weak d oses o f  £ .  m ich iganense  were 
u se d , p rove in f e c t io n  o f  tom ato  le a v e s  by a  s in g le  c e l l .  The s in g le  
c e l l  m u l t i p l i e s  in t o  th e  m esophyll o f  th e  young tom ato  le a v e s  
( s e n s i t i v e  t o  in f e c t io n  s i t e )  b u t a s  d is c u s s e d  in  C h ap te rs  7 and 9 , 
th e  m u l t i p l i c a t i o n  and ex p an sio n  o f  th e  pathogen  i s  in h ib i te d  by 
th e  h o s t .  T h is  may e x p la in  why when a  few c e l l s  a r e  in j e c t e d ,  
th e re  i s  no n e c r o s i s  o f  th e  lam ina b u t sm a ll lo c a l  n e c r o s is  p ro b ab ly  
o c c u rs . N e v e r th e le s s ,  m u l t ip l ic a t io n  o f  p a th o g en ^o ccu rs  to  such a 
deg ree  t h a t  £ .  m ich iganense co u ld  be d e te c te d  by sim p le  d i l u t i o n  
p la te s  O  10^ C FU /plant u n i t ) .
The l e a f  i n f i l t r a t i o n  te ch n iq u e  d e te c te d  one in f e s t e d  seed  in  2000 
h e a l th y  ones and t h e o r e t i c a l l y  can d e te c t  one in f e c te d  seed  in  
10,000 o r more s e e d s  a s  long  a s  th e  homogenate su sp e n sio n  h as  10 
o r even l e s s  c e i l s  p e r  m l; t h a t  i s ,  i f  th e  inoculum  o f  in f e s te d  
seed s  i s  g r e a t e r  th a n  10^ CFU /seed. The method o f  in o c u la t in g  
tom ato p la n t s  in  th e  stem  fo r  th e  d e te c t io n  o f  £ .  m ich iganense  
from  tom ato  s e e d s  h as  been su g g es ted  by Thyr (1 9 6 9 ). However, by 
in o c u la t in g  tom ato  p la n ts  by i n f i l t r a t i o n , more inoculum  i s  in je c te d  
to  more s e n s i t i v e  in f e c t io n  s i t e s  to  l e s s  t e s t  p l a n t s . When Schaad 
e t  a l . (1980) r e p o r te d  h ig h  in c id e n c e  o f b la c k  r o t  (X. c a m p e s tr is )
V  .
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Fig. 33. The Double A ntibody  Sandwich ELISA 
p r in c ip le
1 ANTIBODY ADSORBED 
TO PLATE
WASH
2 TEST SOLUTION CONTAIN 
ING ANTIGEN ADDED
WASH
3  ADD e n z y m e  LABELLED  
SPECIFIC ANTIBODY
WASH
JEL
4  ADD ENZYME SUBSTRATE
a m o u n t  HYDROLYSIS:AMOUNT 
a n t ig e n
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o f c r u c i f e r  from  0.03% in f e s t e d  seed s  and Bryan (1930) r e p o r te d  f o r  
£ .  m ich iganense t h a t  1% seed  tra n s m is s io n  can r e s u l t  in  54.4% 
in f e c t io n  o f  to m ato es  in  th e  f i e l d ,  th e  im portance o f  an e f f e c t i v e  
t e s t  i s  o b v io u s . The method d e s c r ib e d  i s  s im p le , q u ic k , more 
e f f i c i e n t  th a n  th e  b l o t t e r  and grow ing on seed s  -  methods used  
fo r  d e te c t io n  o f  b a c t e r i a  in  se e d s  -  and i t  can supplem ent 
s e r o lo g ic a l  and b a c te r io p h a g e  t e s t s .  The s e n s i t i v i t y  o f  t h i s  method 
makes i t  s u i t a b l e  a l s o  f o r  e p id e m io lo g ic a l s tu d ie s .
10.4 D e te c tio n  o f  C. m ich iganense  U sing ELISA Technique
10 .4 .1  M a te r ia ls  and M ethods
For d e te c t io n  o f  £ .  m ich iganense  u s in g  th e  ELISA tech n iq u e  th e  
"double a n tib o d y  sandw ich" method was fo llo w e d . In  t h i s  method th e  
a n tig e n  (pa thogen ) in  th e  t e s t  sam ple i s  s e le c t iv e ly  tra p p e d  and 
im m obilised  by s p e c i f i c  a n tib o d y  ad so rb ed  on to  a  s o l id  s u r f a c e .  
E n zy m e-lab e lled  s p e c i f i c  a n tib o d y  i s  th e n  r e a c te d  w ith  im m ob ilised  
a n tig e n  and a f t e r  rem oving u n re a c te d  en zy m e-lab e lle d  a n tib o d y , th e  
r e ta in e d  enzyme i s  d e te c te d  c o l o r i m e t r i c a l ly  by add ing  a  s u i t a b l e  
s u b s t r a te  (F ig . 3 3 ) .  The fo llo w in g  te c h n iq u e  was based on t h a t  o f  
C la rk  and Adams (1 9 7 7 ).
R eagen ts and equ ipm ent
The fo llo w in g  b u f f e r s  w ere u sed :
c o a t in g  b u f f e r  -  0 .05  M sodium c a rb o n a te  a t  pH 9 .6 ; 
s u b s t r a te  b u f f e r  -  10% d ie th a n o la m in e  a d ju s te d  to  pH 9 .8  w ith  
HCl;
p h o sp h a te -b u f fe re d  s a l i n e  (PBS) -  0 .0 2  M phosphate  p lu s  
0 .1 5  M NaCl a t  pH 7 .4 ;
PBS w ith  0.05% Tween 20 (PBST) .
A ll b u f f e r s  c o n ta in e d  0.02% sodium a z id e  a s  a  p r e s e r v a t iv e .  U su a lly  
p o ly s ty re n e  m i c r o t i t r e  p l a t e s  o f  s p e c ia l  fo rm u la tio n  o b ta in e d  from  
D ynatech L td . were u se d . I n d iv id u a l  sm a ll p l a s t i c  tu b e s  and p l a s t i c  
c a s s e t t e s  w ere a l s o  u sed  a s  s u p p o r ts  a s  th e s e  have th e  ad v an tag e  o f 
be in g  more econom ica l th a n  th e  m i c r o t i t r e  p la te s  f o r  sm a ll num bers
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o f sam p les . U n fo r tu n a te ly , th e y  gave e r r a t i c  r e s u l t s .  For th e  
same re a so n  th e  o u ts id e  rows o f  th e  m i c r o t i t r e  p la te s  were a v o id ed .
T e s t sam ples
The t e s t s  were made w ith  pure c u l t u r e s  o f £ .  m ich ig an e n se , th e  
sap ro p h y te  £ .  a e ru g in o s a , pure b a c t e r i a l  c u l tu r e s  p lu s  h e a l th y  
tom ato l e a f  o r stem  sa p , o r sam ples from in f e c te d  to m ato es . The 
tom ato sap  was e x t r a c te d  w ith  PBST b u f f e r  u s in g  a  s t e r i l e  p e s t l e  and 
m o rta r o r hom ogenizer a s  d e s c r ib e d  in  C hap ter 4 .7 .  The sap  was 
d i lu te d  1:100 w ith  PBST.
S t r a in  s p e c i f i c i t y  was d e te rm in ed  u s in g  serum o f £ .  m ich iganense
s t r a i n s  S t ,  J 1 ,  G2 and a s  a n t ig e n s  th e  same £ .  m ich iganense  s t r a i n s
9and £ .  a e ru g in o sa  a t  c o n c e n tr a t io n s  o f  10 CFU/ml. F or each  
t re a tm e n t two w e lls  in  d i f f e r e n t  p o s i t i o n s  were u sed . As c o n t ro l s  
PBST and d i lu te d  sap  o f  h e a l th y  t i s s u e  were u sed .
P ro d u c tio n  o f  a n tig e n
B a c te r ia l  su sp e n s io n s  o f  G. m ich ig an e n se  s t r a i n  S t  Were u se d . L a te r ,
s t r a i n s  G2 and J1 were a lS d  u sed  a t  c o n c e n tra t io n s  g r e a t e r  th an  
0
10 CFU/ml and p rep a red  a s  d e s c r ib e d .  A f te r  k i l l i n g  th e  b a c te r ia
by h e a t in g  them a t  60° C f o r  two h o u rs  th e y  were washed and suspended
9in  s a l in e  to  g iv e  TO b a c te r ia  p e r  m l. R a b b its  were in je c te d  
in t ra v e n o u s ly  w ith  3 x 1 sam ples o f  k i l l e d  b a c te r ia  a t  one week 
in t e r v a l s  fo llo w ed  by a su b cu tan e o u s  i n j e c t i o n  o f  2 ml o f  b a c t e r ia  
in  F re u n d 's  incom ple te  a d ju v a n t .  B lood was c o l le c te d  th r e e  weeks 
l a t e r  and th e  serum was s to re d  f ro z e n  a t  -18°C . The serum t i t r e s  
were 1/128 f o r  a l l  th e  s t r a i n s  and were de term ined  by th e  r in g  
in t e r f a c e  p r e c i p i t i n  t e s t .
Y- g lo b u l in  p u r i f i c a t i o n
Sam ples (1 m l) o f  each  a n tis e ru m  w ere d i lu te d  w ith  9 ml o f  d i s t i l l e d  
w a te r , and 10 ml s a tu r a te d  s o lu t io n  o f  ammonium s u lp h a te  was added 
s lo w ly  w h ile  th e  m ix tu re  was s h a k e n . The m ix tu re  was th e n  allow ed  
to  s ta n d  f o r  60 m inu tes a t  room te m p e ra tu re . The p r o te in  p r e c i p i t a t e
26.7
was c o l l e c t e d  by c e n t r i f u g a t io n  and was d is s o lv e d  in  2 ml h a l f ­
s t r e n g th  PBS b u f f e r .  The p r o te in  s o lu t io n  was th e n  d ia ly z e d  fo u r  
tim es  a g a in s t  2 l i t r e  volum es o f  h a l f  s t r e n g th  PBS to  remove a l l  
th e  ammonium s u lp h a te .  The y -g lo b u l in  was a d ju s te d  to  1 .0  mg/ml 
p r o te in  (E280 = 1 .4 ) and s to r e d  a s  1 .0  ml am ounts a t  -1 8 °  C in  
s i l i c o n e  t r e a te d  v i a l s .
C o n ju g a tio n  o f  a lk a l in e -p h o s p h a te  w ith  y -g lo b u l in
Two mg a l k a l in e  p h o sp h a tase  EC 3 :1 :3 :1 ,  ( ty p e  V II Sigma chem ica l C o.) 
were d is s o lv e d  in  1 .0  ml o f  th e  above y -g lo b u l in  p re p a ra t io n  and 
d ia ly z e d  e x te n s iv e ly  ( fo u r  tim e s  a g a in s t  1 l i t r e  PBS). G lu ta r -  
a ld eh y d e  was added to  0.05% f i n a l  c o n c e n tra t io n  (Avrameas, 1969) and 
th e  m ix tu re  in c u b a te d  a t  22° C f o r  e i t h e r  fo u r  h o u rs  o r  o v e rn ig h t. 
G lu ta ra ld e h y d e  was th e n  removed by d i a l y s i s  a g a in s t  PBS ( fo u r  tim es)  
and th e  c o n ju g a te  s to r e d  w ith  1% bovine serum  album in a t  4 °  C.
T e s t p ro ced u re
M ic r o t i t r e  p l a t e  w e lls  were c o a te d  a t  35° C f o r  fo u r  hours or 
o v e rn ig h t a t  4 °  C by d is p e n s in g  200 u l  o f  y -g lo b u l in  in  c o a t in g  
b u f f e r .  The p la te s  were washed th r e e  t im e s ( f iv e  m inu tes  each) 
w ith  PBST. T e s t sam ples (200 p i )  were a llow ed  to  ad so rb  to  th e  
c o a te d  w e ll  a t  .4° C o v e rn ig h t o r  f o r  fo u r  h o u rs  a t  22° C. A fte r  
th r e e  w ash ings w ith  PBST th e  w e lls  were t r e a t e d  w ith  200 p i  o f 
e n z y m e -la b e lle d  y -g lo b u l in  (c o n ju g a te )  f o r  fo u r  h o u rs  a t  35° C 
o r o v e rn ig h t a t  4° C. S u b s tr a te  (300 p i )  was added to  th e  w e lls  
a f t e r  rem oval o f  th e  unbound c o n ju g a te  by w ash in g . A f te r  one 
hour a t  room te m p e ra tu re  th e  r e a c t io n  was s to p p ed  and th e  ye llow  
p -n i t r o p h e n y l  c o lo u r  developed  u s in g  50 p i  o f  3 .0  M sodium 
h y d ro x id e . The r e s u l t s  were a s s e s s e d  e i t h e r  q u a n t i t a t i v e l y  by 
m easurem ent o f  th e  e x t in c t io n  a t  405 nm (E405) u s in g  a  PYE Unicam 
SP800 sp e c tro p h o to m e te r  f i t t e d  w ith  500 p i  m ic r o c e l l s ,  o r v i s u a l ly  
f o r  p o s i t i v e  r e s u l t s  (y e llo w  c o lo u r ,  see  P la te  4 8 ) .
C o n d itio n s  f o r  d e te c t in g  £ .  m ich iganense  
u s in g  a  ch e q u e r-b o a rd  arran g em en t by 
w e lls  w ith  10, 1 .0  and 0 .1  mg/1 o f
ELISA were determ ined  
t r e a t i n g  m i c r o t i t r e  p la te
y -g lo b u l in  c o n c e n tra t io n s
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a g a in s t  a ran g e  o f  c o n ju g a te  d i l u t i o n s  (1 /1 0 0 , 1 /200 , 1/400 and 
1 /4 0 0 0 ).
M o d if ic a tio n s  o f  t e s t  p ro ced u re s
Two m o d if ic a t io n s  o f  th e  above d e s c r ib e d  p ro ced u re s  were t r i e d .
O ne,as d e s c r ib e d  by F leg g  and C la rk  (1979) in  which th e  w e lls  were 
loaded  w ith  th e  200 u l  t e s t  sam ple, fo llo w ed  by 50 p i  o f  enzym e- 
la b e l le d  y -g lo b u l in ,  to  g iv e  a f i n a l  d i l u t i o n  o f  th e  l a b e l le d  
y -g lo b u lin  1 :2 0 0 . Sample and c o n ju g a te  were th o ro u g h ly  mixed and 
in c u b a ted  in  th e  p l a t e s  o v e rn ig h t a t  6° C. Subsequent s te p s  were 
th e  same a s  p re v io u s ly  d e s c r ib e d .
In  th e  o th e r ,  in  a t te m p ts  to  in c re a s e  th e  s e n s i t i v i t y  o f  th e  
r e a c t io n ,  th e  f lu o r e s c e n t  s u b s t r a te s  3 -0 -m e th y If lu c re  see  in  p h osphate  
a s  su g g es ted  by Jo n es  (p e rs o n a l com m unication, and l a t e r  M orley and 
Jo n e s , 1980) and 4 -m e th y l-u m b e ll i f e ry l  p h o sp h a te , were a l s o  u se d .
A s to c k  s o lu t io n  o f  each  o f  th e se  s u b s t r a t e s  a t  50 pg /m l was 
p rep a red  w ith  c o ld  0 .0 5  M T r is  b u f f e r  (pH 8 .5 ) .  These s u b s t r a t e s  
were th e n  s to r e d  f ro z e n  in  2-3  ml a l iq u o t s  and when r e q u i r e d ,  an 
a l iq u o t  was thaw ed s lo w ly  to  4 °  C and d i lu te d  to  5-20  p g /m l w ith  
co ld  T r is  b u f f e r .  P h osphatase  a c t i v i t y  was m easured a s  an in c re a s e  
o f  f lu o re s c e n c e  a s  th e  s u b s t r a te  was h y d ro ly zed  e n z y m a tic a lly  t o  . 
th e  more f lu o r e s c e n t  p ro d u c ts  (3 -0 .-m e th y Iflu c re see in  and 4 -m e th y l-  
u m b e ll i f e ry  r e s p e c t i v e l y ) .
-
F lu o re scen c e  was m easured on a  T o k arte  f lu o r im e te r  u s in g  LF/13 
(490-560 mu) and LF/5 (440 mp) f o r  p rim ary  and secondary  f i l t e r s  
r e s p e c t iv e ly .  The f lu o re s c e n c e  o f  each  sam ple was quo ted  a s  th e
p e rc e n ta g e  o f  th e  maximum o b ta in ed  u s in g  th e  s t r o n g e s t  b a c t e r i a l  
sam ple (1 -3  x 1 0 ^ .CFU/ml). 
c a l i b r a t i n g  th e  in s t ru m e n t .
q
 T h is  avo ided  th e  c o m p lic a tio n  o f
.
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10.4.2 Results and Discussion
The r e s u l t s  showed t h a t  each  component o f  th e  a ssa y  a f f e c t s  th e  
ELISA r e a c t io n  in  ag reem ent w ith  C la rk  and Adams (1977); M orley 
and Jo n es  (1980) and V o ile r  ^  (1977). F ig . 34 shows th a t  100
and 10 pg /m l o f  y - g lo b u l in s  were m ost e f f e c t iv e  in  d e te c t in g  
b a c t e r ia  w ith  E405 v a lu e s ,  much h ig h e r  th an  th e  0 to  0 .23  E405 
v a lu e s  found in  c o n t r o l  w e l l s .  The more th e  c o n ju g a te  was 
c o n c e n tra te d  th e  h ig h e r  th e  E405 v a lu e s  i t  gave . In  a l l  th e  
ELISA ex p erim en ts  t h e r e a f t e r  th e  c o n ju g a te  was d i lu te d  1/200 a s  
a compromise between economy and s e n s i t i v i t y ,  and 10 pg /m l o f  
y -g lo b u lin  was used f o r  c o a t in g .
F ig . 35 shows t h a t  w ith  th e  ELISA te ch n iq u e  b a c te r ia  from c u l tu r e s  
cou ld  be d e te c te d  p o s i t i v e ly  a t  c o n c e n tra t io n  o f  1-3 x 10^ CFU/ml 
u s in g  a sp e c tro p h o to m e te r . V is u a l assessm en t o f  th e  p resen ce  o f 
c o lo u r  c o u ld  be done a t  a  c o n c e n t r a t io n  te n  tim es  h ig h e r  (10^ CFU/ml). 
The a d d i t io n  o f  h e a l th y  tom ato  l e a f  sap  to  c u l tu re d  su sp e n s io n s  o f  
b a c t e r ia  su p p re sse d  th e s e  r e a d in g s .  A s im i la r  e f f e c t  may e x p la in  
th e  weaker r e a c t io n  o f  b a c t e r i a  from  in f e c te d  le a v e s .  The 
in h ib i to r y  e f f e c t  o f  p la n t  e x t r a c t s  has been re p o r te d  p re v io u s ly  
fo r  v i r u s e s  (C la rk  and Adams, 1977). N o n -sp e c if ic  r e a c t io n s  by 
p la n t  e x t r a c t s  were red u ce d  by th e  a d d i t io n ,  o f  2% p o ly v in y l 
p y r r o l id in e  (MW 44 ,000) and 0.2% ovalbum in to  th e  PBST e x t r a c t io n  
medium b u t som etim es th e  b u f f e r  a d d i t iv e s  can d e c re a se  th e  l e v e l  o f  
s p e c i f i c  r e a c t io n s  (M cLaughlin and B a rn e t t ,  1979). S a t i s f a c to r y  
d e te c t io n  o f  £ .  m ich iganense from  in f e c te d  tom ato p la n ts  co u ld  be 
ach iev ed  w ith  b a c te r ia  a s s e s s e d  by d i lu t io n  p la t e  te c h n iq u e s  t o  be 
5  X 1 0 ^  CFU/ml. Removal o f  p la n t  d e b r is  by low -speed c e n t r i f u g a t io n  
o f  th e  p la n t  e x t r a c t s  gave h ig h e r  re a d in g s .  The E405 v a lu e s  f o r  
c o n t r o l s  ( th re s h o ld  f o r  p o s i t i v e  r e a c t io n s )  were fo r  PBST. up to  
0 .1 5 , f o r  sap  from h e a l th y  p la n t s  d i lu te d  1:100 w ith  PBST p lu s  2% 
p o ly v in y l p y r r o l id in e  and 0.2% ovalbum in , up to  0 .2 3 . No s i g n i f i c a n t  
d i f f e r e n c e s  were d e te c te d  among £ .  m ichiganense s t r a i n s  b u t 
homologous s t r a i n s  a lw ays gave h ig h e r  E405 v a lu e s . £ .  a e ru g in o sa  
r e a d in g s  were up to  0 .2 5 , i . e .  v e ry  l i k e  th e  c o n t r o l s .
270
t
P la te  48.
M ic r o t i t e r  p l a t e  in  which ELISA t e s t s  have been 
c a r r i e d  o u t .  The yellow  w e l ls  in d ic a te  p o s i t iv e  
r e s u l t s .  The o u te r  rows were no t used .
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F ig .  3 4 . E f f e c t  o f  c o n c e n t r a t io n s  o f  c o a t in g  y -g lo b u l in s
and en zy m e-co n ju g a te  d i l u t i o n  on ELISA abso rb an ce
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F ig . 3 5 . ELISA ab so rb an ce  v a lu e s  f o r  d i f f e r e n t  
c o n c e n t r a t io n s  o f  C. m ich iganense
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When th e  m o d ified  p ro ced u re  o f  F legg  and C la rk  (1979)' was used  no 
b e t t e r  r e s u l t s  were o b ta in e d , even though B ar-Joseph  e t  a l .  (1979) 
adopted  i t  s u c c e s s f u l ly  fo r  C i t r u s  t r i t e z a  v i r u s  (CTV).
When th e  m o d if ic a t io n  u s in g  th e  f lu o r e s c e n t  s u b s t r a te  3 -0 -m e th y l-
f lu o r e s c e in  pho sp h ate  was used  (F ig . 3 6 ) , th e  s e n s i t i v i t y  was
in c re a s e d  te n - f o ld  compared to  th e  c o n v e n tio n a l ELISA method w ith
p o s i t iv e  d e te c t io n  o f  £ .  m ich iganense in  piîre c u l tu r e s  10^ CFU/ml,
and th e  cu rv e  d e c re a se d  s lo w ly . (Compare F ig s .  35 abd 3 6 ) . The
v alue  o f  th e  h e a l th y  l e a f  sap  was s t i l l  h igh  (21%) b u t on ly  8% f o r
th e  b u f f e r  PBST. M orley and Jones (1980) re p o r te d  d e te c t io n  o f  
4
10 c e l l /m l  o f  Rhizobium  spp . u s in g  th e  above s u b s t r a te  a lth o u g h
when u s in g  P -n itro p h e n y l phosphate  th e  organism  was p o s i t i v e ly
8d e te c te d  on ly  above 10 c e l l /m l .  The s u b s t r a te  4 -m e th y l-u m b e ll i fe ry -  
phosphate  was used  u n s u c c e s s fu l ly  fo r  a l l  th e  pathogen c o n c e n t r a t io n s .  
A d isa d v a n ta g e  o f  th e  f lu o r e s c e n t  s u b s t r a te  method i s  t h a t  no change 
o f  c o lo u r  can  be d e te c te d  by eye to  g iv e  a v i s u a l  q u a l i t a t i v e  r e s u l t .
A UV l i g h t  so u rce  i s  r e q u ire d  and fo r  q u a n t i t a t iv e  r e s u l t s  a  
f lu o r im e te r  i s  needed -  two item s  n o t so  commonly a v a i la b le  in  
p h y to p a th o lo g ic a l l a b o r a to r i e s .
Even though i t  was found t h a t  th e  r e s u l t s  f o r  ev e ry  tre a tm e n t d id  n o t 
u s u a l ly  v a ry  in  th e  two w e l ls ,  th e  r e s u l t s  f o r  each  b a c t e r i a l  
c o n c e n tra t io n  betw een t e s t s  v a r ie d .  For exam ple, w ith  a c o n c e n tr a t io n  
o f 10^ CFU/ml, th e  E405 v a r ie d  from  1.4  to  1 .8 5 . Thus th e  ELISA 
te c h n iq u e , in  o rd e r  to  be used  p r e c i s e ly  f o r  q u a n t i t a t iv e  a s s e s s m e n ts , 
r e q u i r e s  t h a t  a  s e t  o f  c o n t ro l s  f o r  ev ery  c o n c e n tra t io n  be u s e d . The 
ELISA method i s  w e ll  s u i te d  f o r  l a r g e - s c a le  s c re e n in g  t e s t s .  
M ech an isa tio n  o f  ELISA e l im in a te s  much la b o u r (R u iteh b erg  e t  a l . , 
1977). The method i s  l e s s  s u i t a b le  f o r  s m a l l- s c a le  d ia g n o s t ic  t e s t s  
because th e r e  a r e  many w orking s te p s  in v o lv e d , th e  m e c h a n isa tio n  i s  
c o s t ly  and th e r e  i s  a  w aste  o f  ex p en siv e  re a g e n ts  when used  f o r  on ly  
a  few sam p les .
The r e l a t i v e  r a p i d i t y  and s e n s i t i v i t y  o f  ELISA had e s ta b l i s h e d  th e  
method a s  a s ta n d a rd  d ia g n o s t ic  p ro ced u re  in  v iro lo g y  l a b o r a t o r i e s .
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F ig .  3 6 . E f f e c t  o f  b a c t e r i a l  c o n c e n tr a t io n  on th e
f lu o r e s c e n t  ELISA r e a c t io n
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The r e s u l t s  o f  th e se  ex p e rim e n ts  show t h a t  d e s p i te  th e  low t i t r a t i o n  
o f  £ .  m ich iganense  a n tis e ru m , ELISA can d e te c t  £ .  m ich iganense  and 
co u ld  p o s s ib ly  be used fo r  o th e r  b a c t e r i a l  d is e a s e s  from p la n t  t i s s u e  
I f  th e  ELISA te ch n iq u e  can be d ev e lo p ed  f u r th e r  i t  may be v a lu a b le  
fo r  l a r g e - s c a le  s c re e n in g  t e s t s  and f o r  e p id e m io lo g ic a l s tu d ie s  o f 
th e  b a c t e r i a l  d is e a s e s  a s  w e ll  a s  h e lp in g  in  th e  s tu d ie s  o f  th e  
tr a n s m is s io n  o f  b a c t e r ia  w ith in  i t s  h o s t  p la n t .
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CHAPTER 11 
CONCLUSIONS
The r e s u l t s  and o b s e rv a tio n s  p re s e n te d  in  t h i s  t h e s i s  have been 
d is c u s se d  in  t h e i r  a p p ro p r ia te  c h a p te r s .  The fo llo w in g  g e n e ra l  
c o n c lu s io n s  can be made from  th e  work d e s c r ib e d .
(1) The p a th o g en , C orynebacterium  m ich ig an e n se , can be sp re a d  
am ongst tom ato  p la n ts  b y :-
(a) h a n d lin g  d is e a s e d  p la n t s ;
(b) p ru n in g  h e a l th y  p la n ts  w ith  co n tam in a ted  k n iv e s ;
(c) in f e c te d  d e b r is ;
(d) c o n tam in a ted  se e d s .
(2) £ .  m ic h ig a n e n se , l i k e  s e v e r a l  o th e r  p a th o g en ic  b a c t e r i a ,  can 
l i v e  on h o s t  le a v e s ,  w ith o u t .p roducing  any symptoms in  a 
" r e s id e n t  p h a se " . S u rv iv a l  on le a v e s  i s  b e s t ; -
(a) on young le a v e s ;
(b) in  c o n d i t io n s  o f  h ig h  h u m id ity ;
(c) in  f r e e  m o is tu re .
B a c te r ia  w ere found to  s u rv iv e  f o r  more th an  20 days on sp ray ed  
tom ato  le a v e s .
(3) The number o f  d is e a s e d  p la n ts  a r i s i n g  from s e e d lin g s  t h a t  came 
frb^m d e l i b e r a t e l y  in f e s t e d  tom ato  se e d s  were te n  tim e s  l e s s  th an  
from  p la n t s  w ith  r e s id e n t  phase £ .  m ich ig an en se .
(4) The u se  o f  s e l e c t i v e  m edia h e lp ed  t o  d e te c t  £ .  m ich iganense  on
sam ples w here th e  pathogen c e l l s  were in h ib i te d  by s a p ro p h y te s .
(5 ) £ .  m ic h ig a n e n se , i t  was shown, can s u rv iv e  in  w a te r f o r  more
th a n  a  y e a r , a lth o u g h  s u r v iv a l  was dependent on e x p e r im e n ta l 
c o n d i t io n s .  S u rv iv a l  tim e i s  in c re a s e d  by:  ^ \
■ ,
277
(a) h ig h  p o p u la tio n s ;
(b) low te m p e ra tu re s ;
(c) a n a e ro b ic  (n o n -a e ra te d )  c o n d i t io n s .
B a c te r ia  in  w ate r may p roduce a v i r u l e n t  m u ta n ts .
The a b i l i t y ,  to  su rv iv e  fo r  long  p e r io d s  in  w a te r means t h a t  th e  
pathogen can o v e rw in te r  and th e n  be d is se m in a te d  in  w ater coming 
in to  c o n ta c t  w ith  tom ato  p l a n t s .
(6 ) S u c c u le n t tom ato t i s s u e s  such  a s  young p l a n t s ,  young p a r ts  o f  
p la n t s ,  and p la n ts  grown in  l i g h t  s o i l  w ith  e x c e ss  o f  f e r t i l i z e r ,  
a r e  more s u s c e p t ib le  t o  b a c t e r i a l  can k e r th an  l e s s  s u c c u le n t 
t i s s u e s .  G e n e ra lly , p la n t s  r e c e iv in g  a  b a lan ced  n u t r i t i o n  a re  
more r e s i s t a n t  to  d is e a s e  th a n  th o se  r e c e iv in g  an im balance o f  
n u t r i e n t s .
(7) I t  was shown f o r  th e  f i r s t  tim e t h a t  C. m ich iganense can cau se  
a  h y p e r s e n s i t iv e  r e a c t io n  in  to b acco  le a v e s  s im i la r  to  t h a t  
caused  by pseudom onads. T h is  h y p e r s e n s i t iv e  r e a c t io n  can be 
used  to  dem o n stra te  th e  p a th o g e n ic i ty  and a l s o  a id  in  th e  
i d e n t i f i c a t i o n  o f  C. m ich iganense  i s o l a t e s .
(8 ) When tom ato  le a v e s  were i n f i l t r a t e d  w ith  th e  sap ro p h y te
. Pseudomonas a e ru g in o sa  no e x t e r n a l  symptoms w ere p roduced . The 
h e te ro lo g o u s  £ .  s y r in g a e  produced  a  h y p e r s e n s i t iv e  r e a c t io n .  
Homologous £ .  m ich ig an en se  on i n f i l t r a t i o n  produced ty p ic a l  
d is e a s e  symptoms on tom ato  and a  h y p e r s e n s i t iv e  r e a c t io n  in  
to b a cco  le a v e s .  E le c tro n  m icroscope s tu d ie s  showed th a t :
(a) A c l e a r  sequence  o f  u l t r a s t r u c t u r a l  changes fo llo w in g
i n f i l t r a t i o n  o f  b a c t e r i a  was d i f f i c u l t  t o  fo llo w  because 
th e re  was a  wide v a r i a t i o n  even between a d ja c e n t  c e l l s .
(b) The main u 1 t r  a s  t r u e  t u r  a  1 changes were common to  a l l  th e
tre a tm e n ts  a l th o u g h  d i f f e r e n t  in  e x te n t  in  each .
(c ) H osts seem to  r e a c t  u n ifo rm ly  a g a in s t  in v a d in g  b a c te r ia  in
t h a t  s a p ro p h y te s ,. in c o m p a tib le  and even com p atib le  b a c t e r i a l
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c e l l s ,  a re  a t ta c k e d  and f i n a l l y  en v eloped  b u t a f t e r  
d i f f e r e n t  tim e s .
(d) A h a lo  around p a th o g en ic  b a c t e r i a  was observed  in  s e c t io n s  
o f  t i s s u e  and t h i s  was i n t e r p r e t e d  a s  r e f l e c t i n g  d i f f e r e n c e s  
in  e x t r a c e l l u l a r  p o ly s a c c h a r id e s  a s  w e ll  a s  d i f f e r e n c e s  in  
enzyme a c t i v i t y .  A ttachm ent may be e s s e n t i a l l y  a 
r e c o g n i t io n  phenomenon. I t  would seem a l s o  th a t  n o t a l l  
h y p e r s e n s i t iv e  r e a c t io n s  in v o lv e  th e  same p ro c e s s e s .
(9) U sing th e  scan n in g  e le c t r o n  m ic ro sco p e , th e  developm ent o f
f o l i a g e  s p o ts  a f t e r  sp ra y  in o c u la t io n  was fo llo w e d . I t  was shown 
t h a t  m ost o f  th e  b a c te r ia  were in  p r o te c te d  p a r t s  o f  th e  le a v e s  
such  a s  d e p re s s io n  a t  th e  base  o f  in c l in e d  w a lls  o f  ep id e rm al 
c e l l s  o r in  broken o r c o l la p s e d  h a i r s  w here most in f e c t io n s  o ccu r. 
In  th e se  p la c e s  more n u t r i e n t s  a r e  a v a i la b l e  and b a c t e r i a l  c e l l s  
a re  p ro te c te d  from  ra p id  d ry in g . I n f e c t io n  ta k e s  p la ce  on bo th  
s u r f a c e s  o f  le a v e s .  On th e  low er s u r f a c e  th e  damage i s  o n ly  to  
ep id e rm a l c e l l s  where b a c t e r i a  do n o t  u s u a l ly  f in d  enough 
s u b s t r a t e  upon w hich to  m u l t ip ly .  T hus, th e  damage i s  r e s t r i c t e d  
and n o t  e a s i l y  seen  w ith  th e  naked e y e . I n f e c te d  tr ieh o m es  a re  
broken o r s c ra tc h e d  e a s i ly ,  l i b e r a t i n g  b a c t e r i a l  m asses t h a t  can 
be r e a d i ly  d is s e m in a te d .
(10) U sing tom ato  le a v e s  a s  th e  h o s t ,  i t  wajs e s ta b l i s h e d  t h a t :
(a ) o n ly  th e  homologous pathogen  £ .  m ich iganense m u l t ip l ie d  
r a p id ly  t o  h ig h  f i n a l  p o p u la tio n  W ith th e  p ro d u c tio n  o f  
t y p i c a l  symptoms ;
(b) th e  h e .te ro logous b a c t e r ia  can e i t h e r  m u l t ip ly  f o r  a  s h o r t  
p e r io d  and cau se  HR o r f a i l  t o  m u l t ip ly  w ith  o r w ith o u t 
p ro d u c tio n  o f  HR;
(c ) n o n -p a th o g e n ic  b a c te r ia  rem ained  in  s t a s i s  fo llo w in g  
in o c u la t io n  and n ev er induced  n e c r o s i s .
(d) s a p ro p h y te s  do n o t ind u ce  c e l l^ w a l l  membrane p e rm e a b il i ty  
t h a t  c o u ld  r e le a s e  w ate r and n u t r i e n t s  in  th e  way pathogens 
do , even though a l l  th e  b a c t e r i a  a r e  f i n a l l y  im m obilised  
and s to p  m u l t ip ly in g .
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(11) When n o n -p a th o g e n ic  b a c t e r i a  in  h ig h  in o c u la  were in tro d u c e d  
i n t o  p la n t  t i s s u e  p r io r  t o ,  o r s im u ltan e o u s  w ith ,  o th e r  
p a th o g en s  :
(a ) th e  p o p u la tio n  o f th e  l a t t e r  was i n h i b i t e d .  T h is  
p r o te c t io n  i s  n o t s p e c i f i c  and n o t a l l  th e  b a c t e r i a  
in d u ce  p ro te c t io n  o r to  th e  same l e v e l ;
(b) n o n -p a th o g e n ic  b a c t e r i a  were r e g u la r ly  s t im u la te d  by 
p a th o g en s (homologous and h e te ro lo g o u s ) .  S ap ro p h y te s  
a r e  u b iq u i to u s  and t h e o r e t i c a l l y  m ic ro b ia l  e p ip h y te s  and 
c o u ld  i n h i b i t  th e  in f e c t io n  which co u ld  le a d  to  b io lo g ic a l  
c o n t r o l  o f  p a th o g en s.
(12) No h o s t  more s e n s i t i v e  th a n  tom ato  p la n ts  was found t h a t  cou ld  
be used  a s  an in d ic a to r  p la n t .
(13) A l e a f  i n f i l t r a t i o n  te c h n iq u e  was developed  c a p a b le  o f  
d e t e c t in g  one in f e s te d  seed  in  2 ,000  or m ore. T h is  method i s  
based  on th e  f a c t  t h a t  tom ato  le a v e s  work a s  s e l e c t i v e  a g e n ts  
and even one pa th o g en ic  c e l l  can cau se  in f e c t io n  i f  c o n d i t io n s  
a r e  s u i t a b l e .  The method i s  e f f i c i e n t  and sim p le  enough to  be 
h an d led  even by u n s k i l le d  w o rk e rs .
(14) W ith th e  s e r o lo g ic a l  "doub le  a n tib o d y  sandw ich" ELISA
5te c h n iq u e  10 CFU/ml o f  £ .  m ich iganense  in  pu re  c u l tu r e  co u ld  
be d e te c te d  u s in g  a s  s u b s t r a te  P -n itro p h e n y l p h o sp h a te . The 
s e n s i t i v i t y  was in c re a se d  t e n - f o ld  when 3 -^ 0-me t h y l f lu  o re  s c e in  
ph o sp h a te  was u sed  a s  th e  s u b s t r a t e .  The method can  work 
q u a l i t a t i v e l y  a n d /o r q u a n t i t a t iv e l y  and i s  s u i t a b l e  f o r  la rg e  
s c a le  s c re e n in g  t e s t s .
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APPENDIX 1
N u tr ie n t  Agar (NA)
N u tr ie n t  Agar (oxo id )
G lass  D i s t i l l e d  W ater (GDW) 
pH 7 .4
28 g
1000 ml
N u tr ie n t  B ro th  (NB)
N u tr ie n t  B ro th  (oxo id) 
GDW
pH 7 .4
13 g 
1000 ml
G lucose N u tr ie n t  Agar (NAG)
N u tr ie n t  Agar (oxo id )
G lucose
GDW
pH a d ju s te d  to  7 .2
28 g 
10 g
1000 ml
S ucrose  N u tr ie n t  Agar (NAS)
N u tr ie n t  Agar (o x o id )
S ucrose
GDW
pH a d ju s te d  to  7 .2
28 g
50 g 
1000 ml
P o ta to  D ex tro se  Agar (PDA)
P o ta to  D ex tro se  Agar (o x o id ) 
GDW
pH a d ju s te d  to  7 .2
39 g 
1000 ml
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Y eas t-D ex trose Calcium C arbonate  (YDC see  Dye, 1968)
Y east e x t r a c t  (D ifco) 10 g
G lucose 5 g
C^CO^ 20 g
Agar 15 g
GDW 1000 ml
pH a d ju s te d  to  7 .2
G ly c e ro l N u tr ie n t  Agar (GNA)
N u tr ie n t  B ro th  (oxo id ) 13 g
G ly ce ro l 2 ml
GDW 1000 ml
pH 7 .4
KING'S B (see  King e t  ^ . , 1954)
P ro teo se  peptone No. 3 (D ifco ) 20 g
KgH PO  ^ BHgO 2 .5  g
MgSO  ^ 7H2O 6 g
G ly c e ro l 15 ml
Agar 15 g
GDW 1000 ml
pH a d ju s te d  to  7 .2
Y .P.G .A . (s e e  Ride e t  a l . , 1978)
Y east e x t r a c t  (D ifco) 5 g
Bac te r .  Peptone (D ifco ) 5 g
G lucose 10 g
Agar 15 g
GDW ■ 1000 ml
pH 7w2
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D2 ( s e l e c t iv e  medium, Kado and H e s k e tt ,  1970) 
G lucose
C asein  h y d ro ly s a te  
Y east e x t r a c t  (D ifco )
NH^Cl
Mg SO^ YHgO 
LiCl 
T r is
Polymyxin s u l f a t e  (3000 u n i t )
Sodium a z id e  
Agar 
GDW
Polymyxin s u l f a t e  and sodium a z id e  a re  added a f t e r  
a u to c la v in g  and c o o lin g  th e  medium to  ab o u t 50° C.
The medium sh o u ld  be f r e s h ly  p re p a re d  s in c e  a z id e  and 
polym yxin b reak  down w ith  tim e . The medium i s  
a d ju s te d  w ith  HCl to  pH 7 .8  b e fo re  a u to c la v in g .
10 g
4 g 
2 g
1 g 
0 .3  g
5 g
1 .2  g
40 mg
2 mg 
15 g
1000 ml
CNS Medium (se e  S ch n e id e r and Grogan in  G ross and V id a v e r , 1979)
D ex tro se
B a c to - y e a s t - e x t r a c t  (D ifco)
L iC l
G ly c e ro l
B a c to -a g a r  (D ifco )
GDW
A fte r  s t e r i l i z i n g  ^ d  c o o lin g  t o  50° C th e  
fo llo w in g  w ere added p e r l i t r e :
K^HPG  ^ (a u to c la v e d  s e p a r a te ly  in  10 ml o f 
d e io n is e d  w a te r)
C yclohexim ide
Polym yxin B s u l f a t e  (8000 USO u n i t /m l  
10 mg/ml o f  f r e s h  s to c k )
P o tass iu m  d ichrom ate
Bravo 6F (50%) p re v io u s ly  d i l u te d  0 .185 ml w ith  
9 .8 1 5  s t e r i l e  d e io n is e d  w a te r  was added 
The medium had a  pH o f 7 .45 a f t e r  a u to c la v in g
29
10
5
20
20
1000
g
g
ml
g
ml
6
50
25
80
g
mg
mg
20 mg
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Se2
As CNS b u t w ith  10 mg o f  Bravo 6F 
Se4
As CNS b u t w ith  5 mg o f  B ravo 6F
A ll th e  media were s t e r i l i s e d  by a u to c la v in g  a t  120° C f o r  
15-20 m in u te s .
- : 
J :
.H,
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APPENDIX 2
CULTURES
S ources o f  C u ltu re s
NCPPB -  N a tio n a l C o lle c t io n  o f P la n t  P a th o g e n ic  B a c te r ia ,  
M in is try  o f A g r ic u l tu r e ,  F i s h e r i e s  and Food, 
H arpenden , E ng land .
ADAS- M in is try  o f  A g r ic u l tu r e ,  F i s h e r i e s  and Food, 
R ead ing , E ngland.
CMI - Commonwealth M yco log ica l I n s t i t u t e ,  
Kew, S u rre y , E ngland.
I . e . I .  -  Im p e r ia l  Chem ical I n d u s t r i e s ,
J e a l o t t ' s  H i l l
GHAS -  G uernsey H o r t ic u l tu r a l  A dv iso ry  S e rv ic e ,
G uernsey , Channel I s la n d s .
JDA - J e r s e y  D epartm ent o f A g r ic u l tu r e ,  
J e r s e y ,  Channel I s la n d s .
RHC - I s o la t e d  in  Botany D epartm ent o f
R oyal Holloway C o lle g e , E ng land , and i d e n t i f i e d
by CMI .
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C u ltu re
C orynebacterium  m ich iganense  
G1, G2, G3, G4, G5 
J 1 , J2
2602/2B (A ), 203 D (B ), 2586/2B (C) 
Swab 1 (D ), 3123 (F)
NPCC 3190 (G)
399 ( a v i r u le n t )
C orynebacterium  s p .  2205 
C orynebacterium  s p .  B8505
Pseudomonas p h a s e o l ic o la  K 721 
Pseudomonas s y r in g a e  K 722
Pseudomonas sp .
Pseudomonas s p .
F lavobac t e r  ium s p .  B8506
B rev ib ac te riu m  s p . B8504
S tap h y lo co ccu s s p .  B5010
Pseudomonas a e ru g in o sa  B 8503
E rw in ia ch ry san th e m i
Xanthomonas c a m p e s tr is
C orynebac te r iu m  b e ta e  363 
C orynebacterium  f a s c ia n s  156 
C orynebacterium  in s id io su m  1109 
C orynebacterium  t r i t i c i  1953 
C orynebacterium  p o in s e t t i a e  844
O rig in
GHAS
JDA
ADAS
ADAS
ADAS.
NCPPB
NCPPB
RHC
I . C . I .
I . C . I .
RHC
RHC
RHC
RHC
RHC
RHC
CMI
CMI
NCPPB
NCPPB
NCPPB
NCPPB
NCPPB
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APPENDIX 3
Chapter 2.2
D ata and worked exam ple o f  experim en t on v iru le n c e  
o f  C. m ich iganense  c u l tu r e s
T rea tm en t D isease  R a tin g s
E xperim ent la E xperim ent 1b
Mut. F r I s o l . s to c k Mut. F r . I s o l . s to c k
2 3 4 4 2 3 4 4
3 3 4 4 2 3 4 4
3 3 4 4 2 4 4 4
3 4 5 4 4 4 4 4
3 4 5 5 4 4 4 4
3 4 5 5 3 4 4 5
3 5 5 5 3 4 5 5
4 5 5 5 3 4 5 5
4 5 5 5 3 4 5 5
4 5 5 5 3 5 5 5
t  = 32 41 47 46 29 39 44 45
t a l  = 323 = 1363
t a l  f o r  Mut « — 32 + 29 = 61; F r . = 80; I s o l . = 91 = S tock
a = number o f  ex p e rim en t = 2 
b = number o f  tr e a tm e n t = 4 
c = number o f  r e p l i c a t e s  p e r ex p e rim en t = 10 
N = 2 X 4 X 10 = 80
C or, Term = T o ta l 323N 80
.2
= 1304.1
t o t a l  s s  = X -  C or, Term = 1363 -  1304.1 = 58*9 
t o t a l  DF = N -  1 = 80 -  1 = 79
32  ^ 41  ^ 44  ^ 45^
c e l l  s s  = + "^ 0“ + •* ••  Yq“  +  C or. Term = 31 .2
s s  = (32 + 41 + 47 + 4 6 )2  (29 + 39 + 44 + 45)^40 (b X c ) 40 -  C or. Term = 1
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T re a t ,  s s  = 61^ 80^ ' 20 ‘* '20
2 2 91 91J q-  + 20-----C or. Term = 30
I n te r a c t io n  (Tr x Exp) = C e ll  s s  -  Ex s s  -  Tr s s  =
DF = T rea tm en t (4 -  1) = 3 , Ex (2 -  1) = 1, C e ll
DF = (Tr X Ex) = DF Tr X DF Ex = 3 X 1 = 3
DF = W ith in  c e l l  ( e r r o r ) = 79 -  7 = 72
A N 0 V A
Source DF SS MS F F^ (0 .0 5 )
C e ll 7 31 .2 4 .45
T r e a t . 3 30 10 2 6 * ^  2 .76
Exp. 1 1 1 2 .6  4
Tr x.E x 3 0 .2 0 .06
E rro r 72 2 7 .7 0 .384
T o ta l 79 58 .9
0 .318 
20 " 0 .138
M u ltip le  com parison (K è u l 's  t e s t )
Ho = Mut. = F r .  = I s o l . = S to ck  i s  r e j e c t e d
Wp = qa (p n^) Sx For a  = 0 .05  p 2 , 3 , 4
P 2 3 4
q a(p  ng) 2 .8 3  3 .4 0 3 .7 4
Wp 0.39  . 0 .46 0.516
M e a n s
I s o l .  s to c k  F r . Mut.
4 .5 5  4 . 55 4 3 .0 5  I s  = s to c k F r .
Means n o t  a d ja c e n t  to  th e  same l i n e  a re  s i g n i f i c a n t l y  d i f f e r e n t
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Chapter 2.5 APPENDIX 3
A n a ly s is  o f  V ariance o f  d a ta  from Table 3 , 
C h ap te r 2 c o n ce rn in g  S pray  In o c u la tio n
ANOVA
Source o f  
V a r ia t io n DF SS MS
F 0.05
Main e f f e c t s
A (age) 1 28 .5 28 .5 2 8 .5 '''° ' 4 .0 8
B (h u m id ity ) 1 . 25 .5 25 .5 2 5 .5 '° " ' 4 .0 8
C ( in ju r y ) 1 38.5 38 .5 38  5XXX 4 .0 8
I n te r a c t i o n s
AB 1 4 .6 8 4 .6 8 4 . 68" 4 .0 8
AC 1 7 .5 7 .5 7 . 5" " 4 .0 8
BC 1 3 .5 3 .5
ABC 1 1.33 1.33
E rro r  . 40 40 1
T o ta l 47 149.5
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Chapter 5 APPENDIX 8
D ata o f  experim en t on e f f e c t  o f  s o i l  type  and 
f e r t i l i z e r  a p p l i c a t i o n  on d i s e a s e  r a t i n g s
L a t in  Square ( 6 x 6 )  la y o u t
L
h = 10.5 
D.R = 4
L + F 
h = 5 
D.R = 5
H
h = 13 
D.R = 2
H + F 
h = 11 
D.R = 4
GB 
h = 11.5 
D.R = 4
GB + F 
h = 11 
D.R = 4
L + F 
h = 77 
D,R = 4
GB 
h = 12.5 
D.R = 2
GB + F 
h = 10 
D.R = 3
L
h = 13 
D.R = 3
H
h = 13 
D.R = 2
H + F 
h  = 11.5 
D.R = 3
H
h = 13 
D.R = 2
GB + F 
h = 17 
D.R = 3
H + F 
h = 13 
D.R = 4
GB 
h = 13.5 
D.R = 2
L
h = 12.5 
D.R = 2
L + F 
h = 6 
D.R = 5
H + F 
h = 11 
D.R = 2
L
h = 11 
D.R = 3
GB 
h = 11.5 
D.R = 2
GB + F 
h = 15.5 
D.R = 4
L + F 
h = 7 
D.R = 3
. H 
h = 14.5 
D.R z 2
GB 
h = 12 
D.R = 3
H + F 
h = 9 .5  
D.R = 3
L + F 
h = 5 
D.R = 5
H
h = 8 
D.R = 2
GB + F 
h = 12,5  
D.R = 3
L
h z TO 
D.R z 3
GB + F 
h = 12.5 
D.R = 4
H
h = 10 
D.R = 2
L
h = 8 .5  
D.R = 3
L + F 
h = 4 
D.R = 5
H + F
h = f  
D.R = 4
GB
h z 12
D.R z 4
D.R = D isease  R atij ig s  ( 0 - 5 )
h = h e ig h t  o f  p l a n t s  i n  cm a t  th e  tim e o f  i n o c u la t i o n  
H = Heavy s o i l ;  H + F = Heavy s o i l  + F e r t i l i z e r  
L = L ig h t  s o i l ;  L + F = L ig h t  s o i l  +v F e r t i l i z e r  .
GB = Grow Bag s o i l ;  GB + F = Grow Bag s o i l  + F e r t i l i z e r
. _ r. J " i . L - .
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Chapter 9 APPENDIX 9
D ata  o f  ex p e r im en ts  on i n t e r a c t i o n  between 
C. m ich iganense  and s a p ro p h y te  ae ru g in o sa  
a f t e r  s p ra y  or sy s te m ic  in o c u la t io n
S P R A Y I N 0 C U L A T I 0 N
E xperim ent A Exper im e n t  B
P P + S (P + S) S + P P P + S (P + S) S + P
4 .5 2 .8 2.1 2.1 0 .8 3 .9 3 .5 0 .6
2 .8 3.1 1.4 1.1 1.1 4 .2 3 .9 2 .3
2.1 1 .7 0 .9 0 .9 2 .6 0 .9 1.7 1 .7
2 .2 1 .9 0 .8 1.2 3 .4 3 .2 4 .1 2 .1
1 .3 0 .7 3 .4 0 .6 5 .5 1.2 . 1.1 4 .1
0.1 1.8 3.1 0 .5 4 .5 4 .3  , 1.9 1.4
2 .16 2 .0 1.95 1.06 2 .98 2 .95  • 2 .7 2 .0 3
Experim ent C
P P + S (P + S) S + P
1 .9 2 .4  ■ 4 .2 0 .2
1 .4 1.1 0 .8 1.6
2 .9 4 .5 3 .5 3 .2
3 .1 4 .4 2.1 3.1
5 .8 2 .9 1 .7 0 .9
3 .7 3 .6 2 .6 2 .7
. 3 .1 3 3 .15 2 .4 8 1.95
System ic In o c u la t io n  -  s e e  o v e r
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S Y S T E M I  C I N O G U L A T I O N
Experim ent A Experim ent B
P P + S (P + s) S + P P P + S (P + S) S + P
5 5 3 2 5 5 3 2
5 5 3 2 5 5 3 2
5 4 3 3 5 5 3 2
5 4 4 3 4 4 3 2
4 4 4 3 4 4 4 3
4 4 5 4 4 4 4 4
4.66 4.33 3.66 2 .8 3 4.5 4.5 3.33 2.66
a aB Be d a a B c
The use of enzyme linked immunosorbent assay (ELISA) for the 
detection of Corynebacterium michiganense in tomatoes
W. A. Stevens and J. Tsiantos
D epartm ent of Botany, Royal H ollow ay Collage, (U niversity o f L ondon) EghamHIII, Egham, 
Surrey TW20 OEX, G reat Britain
Abstract
The enzyme-linked immunosorbent assay (ELISA) double antibody method provided an effective 
and sensitive technique for the detection of Corynebacterium michiganense. Bacteria were satis­
factorily detected from pure culture and from host tissue. Some inhibition of the test occurred 
when infected tomato tissues were examined.
Introduction
Enzyme-linked immunosorbent assay techniques (ELISA) have been used extensively 
in immunological and clinical pathology studies to detect a wide range of organisms 
including protozoa, bacteria and viruses (Voiler et aL, 1977). ELISA has also been 
used as a highly sensitive test to detect a number of different plant viruses in both 
purified preparations and in unclarified plant extracts (Voiler etaL, 1976; Clark and 
Adams, 1977; Thresh ef al, 1977; Bar-Joseph ef ai, 1979). Although this technique 
has been used recently to detect Spiroplasma citri in citrus and other plants (Clark 
etaL, 1978), details of the use of ELISA for studying other plant pathogenic organ­
isms have not been published. In this paper a preliminary report is given of the use 
of the double-antibody ELISA method to detect Corynebacterium michiganense, the 
causal agent of bacterial canker in tomatoes from both pure culture and infected 
plant material.
Materials and methods
C michiganense subcultured from a strain supplied by Dr R. Fox (I.C.I., Jealot’s 
Hill) and thought to originate from Dr Strider, U.S.A., was maintained on nutrient 
agar.
Tomato plants were inoculated as required, either by spraying with inoculum to 
saturation wetting or by stem slitting.
Antisera to C  michiganense was produced in rabbits. Bacteria from 2-day-old 
cultures were washed and harvested by centrifugation. After killing by heating to 
60®C for 2 h the bacteria were washed and suspended in saline to give 10’ bacteria 
per ml. Rabbits were injected intravenously with 3 x 1 ml samples of killed bacteria 
at 1 week intervals followed by a single subcutaneous injection of 2 ml of bacteria 
in Freunds incomplete adjuvant. Blood was collected 3 weeks later and stored frozen. 
The serum titre (1/128) was determined by the ring interface precipitin test.
The ELISA technique was based on that of Clark and Adams (1977) using poly­
styrene microtitre plates (MI 29 A, Dynatech Ltd) sensitized with C michiganense 
specific 7-globulin precipitated from the rabbit serum using ammonium sulphate.
The enzyme 7-globulin conjugate was prepared using alkaline phosphatase EC 
3:1:3:1, (type VII Sigma Chemical Co.). Substrate tablets (5 mg 2-nitrophenyl phos­
phate) (Sigma) were each dissolved in 5 ml 10% diethanolamine buffer, pH 9.8.
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Micrptitre plate wells were coated at 35®C for 4 h by dispensing 200 /d of y-globulin 
in coating buffer. The plates were then washed three times with phosphate buffered 
saline containing 0.05% v/v Tween 20 (PBST). Antigen (bacteria) or test samples 
(200 p\) were allowed to adsorb to the coated well at 4**C overnight. After further 
washing with PBST the wells were treated with 200 /ul of enzyme-labelled y-globulin 
(conjugate) for 4 h at 35®C or overnight at 4*’C. Substrate (300 /xl) was added to the 
wells after removal of the unbound conjugate by washing. After 1 h at room temper­
ature the reaction was stopped and the yellow p-nitrophenyl colour developed using 
50 p\ of 3.0 M sodium hydroxide. The results were assessed by measurement of the 
extinction at 405 nm using a Pye Unicam SP800 spectrophotometer fitted with 
500 fi\ microcells.
Results and discussion
Conditions for detecting C michiganense by ELISA were determined using a chequer- . 
board arrangement by treating microtitre plate wells with 1 0 ,1 .0 and 0 . 1  iigfvcX of 
coating y-globulin concentrations against tenfold dilutions of bacteria. Each y-globulin- 
antigen combination was tested against a range of conjugate dilutions from 1 / 2 0 0 to 
1/4,000.
Figure 1 shows that 10 and 1.0 jug/ml of y-globulins were most effective in detect­
ing bacteria with E405 values much higher than the 0 to 0.2 values found in control 
wells.
1 .0  -1
s 0.5 -
10 1,0 0.1 
Cone of 7 -globulins {/ig/ml~‘ )
Figure 1 ELISA absorbance values for different coating 7-globulin concentrations using 10* 
Corynebacterium michiganense cells per ml and a 1/200 conjugate concentration.
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0.5
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Bacterial cone (cells ml"' )
Figure 2 ELISA absorbance values for different concentrations of Corynebacterium michiganense,
■ ------- ■ , Cultured bacteria; A  ▲, cultured bacteria plus healthy tomato leaf extract;
# - -------0, extracts of infected tomato leaves.
Figure 2 shows that using a 7 -globulin concentration of 10 ^ g/ml, and a conjugate 
dilution of 1/2 0 0 , bacteria from cultures could be detected positively to concen­
trations of 1 0  ^bacteria per ml.
The addition of healthy tomato leaf sap to cultured suspensions of bacteria sup­
pressed these readings. A similar effect may explain the weaker reaction of bacteria 
from infected leaves. The inhibitory effects of plant extracts have been reported 
previously (Clark and Adams, 1977). Nonspecific reactions by plant extracts were 
reduced by thè addition of 2% polyvinyl pyrrolidine (MW 44,000) and 0.2% oval­
bumin to the PBST extraction medium. Satisfactory detection of C michiganense 
from tomato plants could be achieved with bacteria assessed by dilution plate tech­
niques to be 10* bacteria per ml. Buffer control and sap from healthy plants gave 
E405 values of 0 to Oils. When saprophytic fteMéfomonas sp. isolated from tomato 
leaves were used in the test E405 values of 0  to 0.15 were also obtained.
ELISA, it would seem, can be used to detect C. michiganense from plant tissue but 
inhibition by the plant sap presents problems. Further experiments are Underway to 
increase the sensitivity of the test. If the technique can be developed it may be valu^  
able for the large-scale screening of tomato seedlings for bacterial canker and for 
epidemiological studies of the disease as well as helping in the studies of the trans­
mission of bacteria within its host plant.
3 1 ELISA assay of Corynebacterium michiganense
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